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L E G A L .  N O T I C E  

T h i s  r e p o r t  was p r e p a r e d  a s  an  accoun t  of  Government sponsored  work. 
N e i t h e r  t h e  Uni ted  S t a t e s ,  n o r  t h e  Commission, n o r  any p e r s o n  a c t i n g  
on b e h a l f  of  t h e  Commission: 

A. Makes any w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  i m p l i e d ,  
w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  comple teness ,  o r  u s e f u l n e s s  o f  t h e  
i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  r e p o r t ,  o r  t h a t  t h e  u s e  of  any informa-  
t i o n ,  a p p a r a t u s ,  method, o r  p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t  may n o t  
i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

B. Assumes any l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  use  o f ,  o r  f o r  
damages r e s u l t i n g  from t h e  u s e  of  any i n f o r m a t i o n ,  a p p a r a t u s ,  method, 
o r  p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t .  

A s  used  i n  t h e  above,  "person a c t i n g  on b e h a l f  o f  t h e  Commission" 
i n c l u d e s  any employee o r  c o n t r a c t o r  o f  t h e  Commission, o r  employee 
o f  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  t h a t  such  employee o r  c o n t r a c t o r  
of t h e  Commission, o r  employee of  such  c o n t r a c t o r  p r e p a r e s ,  d i s semi -  
n a t e s  o r  p r o v i d e s  a c c e s s  t o ,  any i n f o r m a t i o n  p u r s u a n t  t o  h i s  employ- 
ment o r  c o n t r a c t  w i t h  t h e  Commission, o r  h i s  employment w i t h  s u c h  
c o n t r a c t o r .  

I n  c i t i n g  t h i s  manusc r ip t  i n  a  b i b l i o g r a p h y  t h e  r e f e r e n c e  shou ld  be 
f o l l o w e d  by t h e  p h r a s e :  UNPUBLISHED MANUSCRIPT. 
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"1959" should read "1960" 

". . . page 1 2  . . ." should read ". . . page 
53. . 11 

"Uspenski, 1958" should read  "Uspenski, 1956" 

"1.876" should read "1.88" 

" R i d g e ~ a y ~ ~  should r e  ad "Ridgwayf1 

"Biomass and food consumption a t  . . .I1 should 
r ead  "Biomass and food consumption of a d u l t s  
a t . . .  I I 

"Table 27, should read  "Table 29, I' 

"10" should read  "16" 

"2" should r ead  "4" 

Af ter  l i n e  27, add: "Peterson, R. T. 1961. 
A f i e l d  guide t o  western b i rds .  Houghton 
Mi f l in  Co., Boston. 366 p." 

"Ridgeway" should read "Ridgway" 

"Uspenski, S. M. should read  llUspenski, 
S. M. 1956." 



T y p i c a l  c l i f f  t o p  and g l a u c o u s  g u l l  n e s t  s i t e .  Colony 3 ,  9 J u l y  1960. 

Colony 5 viewed from t h e  i c e ,  14 June  1960. 
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INTRODUCTION 

Approximately seven mi l e s  of p r e c i p i t o u s  c o a s t l i n e  between 

Ogotoruk Creek and Poin t  Hope, Alaska, support  c o l o n i a l  s e a  b i r d s  

i n  numbers exceeding 400,000. These sea-b i rd  co lon ie s  a r e  perhaps 

the  most immediately dramatic b i o t i c  f e a t u r e  of  the  Cape Thompson 

a r e a  a n d . t a k e  p a r t  i n  an ecosystem of  major importance. The p r i -  

mary o b j e c t i v e s  of t h i s  paper a r e  t o  p re sen t  d a t a  on ecology and 

breeding biology of t h e  s e a  b i r d s ,  on the  s p e c i e s  composition and 

abundance of t h e  sea-b i rd  fauna,  and on the  components and dynamics 

of t h e  sea-bird  ecosystem a t  Cape Thompson. 

I n  c o n t r a s t  t o  t h e  s ea -b i rd  co lon ie s  i n  t h e  North A t l a n t i c  and 

western Sovie t  Arc t ic ,  those i n  t h e  North P a c i f i c  Ocean and t h e  

Chukchi Sea remain poorly  known, p a r t i c u l a r l y  those i n  t h e  Chukchi 

Sea. Gabrielson and Lincoln (1959) have c o l l a t e d  s c a t t e r e d  informa- 

t i o n  from the  e a r l y  days of Alaskan orni thology.  Data gathered 

dur ing  t h e  Russian per iod  l a r g e l y  concern t h e  a r e a  sou th  of Bering 

S t r a i t  and, i n  common wi th  t h a t  de r iv ing  from t h e  e a r l y  American 

expedi t ions ,  s u f f e r s  from t h e  s h o r t  per iod  of study and the  i n c i -  

d e n t a l  na tu re  of o r n i t h o l o g i c a l  s tud ie s .  Knowledge of  t h e  co lon ie s  

i n  t h e  i s l a n d s  of the  nor thern  Bering Sea has  been bo l s t e r ed  by 

t h r e e  r ecen t  papers :  Cade (1952) lists s p e c i e s  observed on Sledge 

I s l a n d  wi th  no te s  on ecology and breeding biology;  Fay and Cade 

(1959) list breeding b i r d s  on S t .  Lawrence I s l a n d  and inc lude  ecolog- 

i c a l  ana lyses ;  Kenyon and Brooks (1960) l ist ,  wi th  annota t ions ,  spe- 

c i e s  observed on L i t t l e  Diomede. Few papers ,  however, consider  col-  

o n i e s  no r th  of  Bering S t r a i t .  Gr inne l l  (1900) i nc ludes  da ta  on 

Puf f in  and Chamisso I s l a n d s  i n  Kotzebue Sound. Bai ley (1925, 1948) 
c i t e s  h i s  own observa t ions  n o r t h  of t h e  S t r a i t  and c o l l a t e s  t h e  

observa t ions  of o t h e r s  on a  number of c o l o n i a l  spec ies .  

Curiously,  u n t i l  t h e  f i r s t  publ ished r e p o r t  (Wolfe, 1960) on 

t h e  p r e s e n t  s t u d i e s ,  t h e  l a r g e  Cape Thompson co lon ie s  have.remained 

e s s e n t i a l l y  unknown t o  t h e  s c i e n t i f i c  community, though a few b r i e f  

r e f e r e n c e s  t o  t hese  co lon ie s  e x i s t  p r i o r  t o  Wolfe (op. c i t . ) .  Four 

of  t hese  r e f e rences  r e s u l t  from the  c r u i s e s  of t he  U. S. Revenue 



Steamer THOPAS CORWIN i n  1880 and 1881. Hooper (1881:48), speaking 

o f  t h e  1880 voyage, mentions I!. . . a  sma l l  p a r t y  of n a t i v e s  encamped 

he re ,  engaged i n  c a t c h i n g  b i r d s  w i th  n e t s . "  That t h e s e  were b reed ing  

s e a  b i r d s  i s  c l a r i f i e d  by h i s  comments from the  1881 voyage ( ~ o o p e r ,  

1884) t o  t h e  e f f e c t  t h a t  Cape Thompson is a f a v o r i t e  camping s p o t ,  

p a r t l y  because of t h e  abundance of b i r d s  and eggs on t h e  c l i f f s .  

Hooper (1884) ,  Nelson (18831, and Muir (1917) comment b r i e f l y  t h a t  

s e a  b i r d s  were seen  h e r e  i n  1881. The on ly  o t h e r  record  I have found 

was publ i shed  by Hudson (1957:28) and c o n t a i n s  a s i g h t  record  from 

an  a i r p l a n e  of  murres ". . . swarming about  s ea  c l i f f s  . . . a few 

m i l e s  sou th  of  Po in t  Hope." R. A. Gilmore landed f o r  two hours  a t  

Cape Thompson on 25 August 1931, b u t  d i d  n o t  pub l i sh  h i s  obse rva t i ons ,  

though Bai ley  (1948) r e p o r t s  having examined two specimens of  Uria 

lomvia taken by Gilmore a t  P o i n t  Hope. Gi lmore 's  f i e l d  n o t e s  (kept  

a t  t h e  Museum of Ve r t eb ra t e  Zoology, Un ive r s i t y  of C a l i f o r n i a ,  

Berkeley)  con t a in  s e v e r a l  pages  of  obse rva t i ons  of t h e  co lon i e s  and 

n o t e s  on s e v e r a l  of  t h e  s p e c i e s  found breeding.  

With t h e  excep t ion  of  c o l o n i e s  a t  Cape Lisburne,  about 40 mi les  

n o r t h ,  t h e  Cape Thompson c o l o n i e s  a r e  t h e  northernmost on t h e  western  

c o a s t  of North America. A s  such they pos se s s  cons ide rab l e  i n t e r e s t  

beyond t h e i r  mere e x i s t a n c e  a s  a  l a r g e  and h i t h e r t o  v i r t u a l l y  unknown 

aggrega t ion  of b reed ing  s e a  b i r d s .  Not on ly  i s  t h e  l o c a t i o n  poten- 

t i a l l y  advantageous i n  i n v e s t i g a t i n g  b i o l o g i c a l  phenomena a t  a l a t i -  

t u d i n a l  extreme, b u t  t h e  body of b a s i c  d a t a  now a v a i l a b l e  on almost 

t h e  whole b i o t a  and p h y s i c a l  environment p r e s e n t s  a  n e a r l y  unique 

oppo r tun i t y  f o r  e c o l o g i c a l  s t u d i e s  i n  an a r c t i c  region.  I hope t h a t  

t h i s  paper  w i l l  l a y  a  founda t ion  f o r  f u r t h e r  s t u d i e s  of  s ea  b i r d s  

by o the r s .  
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SCHEDULE OF FIELD RESFARCH 

F i e l d  work on t h e  c u r r e n t  s t u d i e s  began i n  1959 and extended from 

15 June t o  9 September, 1959; from 2 A p r i l  t o  21 October,  1960; and 

from 27 A p r i l  t o  3 October,  1961. One w in t e r  v i s i t  w a s  made from 27 

February t o  1 March, 1959. The s i z e  of  t h e  f i e l d  p a r t y  v a r i e d  from 

y e a r  t o  y e a r  wi th  a maximum of t h r e e  i n  1959 (from 1 J u l y  t o  1 2  Aug- 

u s t ,  on ly  one) ,  a maximum of seven du r ing  a s h o r t  pe r iod  of  i n t e n s e  

census  e f f o r t  i n  1960, and a maximum of  t h r e e  i n  1961. Ear ly  and 

l a t e  season obse rva t i ons  on t h e  es tab l i shment  and breakup of t h e  co l -  

o n i e s  were made by a  s i n g l e  man. No e a r l y  season obse rva t i ons  were 

p o s s i b l e  i n  1959. 

I a m  deeply  i ndeb t ed  t o  t h e  fo l lowing  persons  who, a long  wi th  

myself ,  conducted t h e  f i e l d  work dur ing  p a r t s  of t h e  i n v e s t i g a t i o n s :  

Dr.  B. Kesse l ,  D r .  G. W. Cox, D r .  J. F. Opsahl, D r .  G. C. West, 

D. 0. H i l l ,  L. 14. Belson,  E. L. Schene, E. J. Willoughby, K. 14. Jones ,  

W. T. VanVelzen, and my wi f e ,  M. M. Swartz. I owe a  p a r t i c u l a r  deb t  

of g r a t i t u d e  t o  D r .  Cox who d i r e c t e d  t h e  f i e l d  p a r t y  du r ing  much of 

t h e  1960 f i e l d  season  and who con t r i bu t ed  g r e a t l y  t o  a n a l y s i s  and 

p r e p a r a t i o n  of  d a t a  du r ing  t h e  w in t e r  of  1960-1961. I wish a l s o  t o  

acknowledge t h e  coopera t ion  of M r .  F r anc i s  S. L. Williamson who has  

been most generous i n  s h a r i n g  d a t a  on s e a  b i r d s  ob t a ined  by h i s  re -  

s e a r c h  group. Many o t h e r  i n v e s t i g a t o r s  con t r i bu t ed  i n  s i g n i f i c a n t  

measure, l a r g e  and s m a l l ,  by an e n t h u s i a s t i c ,  coopera t ive  i n t e r e s t  i n  

t h e s e  s t u d i e s ,  r e s u l t i n g  i n  many u s e f u l  f i e l d  obse rva t i ons  which 

would n o t  o therwise  have been p o s s i b l e  t o  ga the r .  

V e r t e b r a t e  and i n v e r t e b r a t e  food samples taken i n  1959 were 

i d e n t i f i e d  by D r .  N. J. Wilimovsky. D r .  James E. Morrow i d e n t i f i e d  

f i s h e s  from subsequent  yea r s .  I n v e r t e b r a t e s  a f t e r  1959 were i d e n t i -  

f i e d  by I a n  Ellis and W. T. Pereyra  of  t h e  Un ive r s i t y  o f  Washington. 
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I am also indebted to Dr. W. Z. Lidiker, Dr. A. H. Miller, and 

the staff of the Museum of Vertebrate Zoology, University of Cali- 

fornia, Berkeley, for the use of their facilities during two visits. 

I also owe thanks to Dr. Brina Kessel for critical review of 

the manuscript. 

These studies were supported by contract No. nT(04-3)-310 

between. the University of Alaska and the U. S. Atomic Energy Com- 

mission. 



THE PHYS ICkL ENVIRONMEiiT 

Geological  and c l i m a t o l o g i c a l  f e a t u r e s  of t h e  s ea  c l i f f  a r e a  

a r e  p r e sen t ed  i n  d e t a i l  i n  r e p o r t s  of o t h e r  P r o j e c t  Char io t  i nves -  

t i g a t i o n s .  Discuss ion below w i l l  concern only  t hose  f a c t o r s  which 

d i r e c t l y  impinge on t h e  b io logy  of t h e  c o l o n i a l  s e a  b i r d s ,  t h e  

func t i on ing  of t h e  ecosystem, o r  on t h e  conduct of t h e  i n v e s t i g a t i o n .  

Data c i t e d  below a r e  summarized l a r g e l y  from Wolfe (1.9601, who r e -  

p o r t s  on d a t a  ga thered  by t h e  u n i t e d  S t a t e s  Weather Bureau beg inn ing  

on 1 September 1959. 

The c l ima te  i s  seve re .  High winds a r e  p r eva l en t  i n  t h e  Cape 

Thompson-Ogotoruk Creek reg ion .  From October 1959 t o  September 1960, 
average winds ove r  30 k n o t s  occur red  on 47 days,  21-30 kno t s  on 78 

days ,  11-20 kno t s  on 163 days ,  and 1 0  kno t s  o r  l e s s  on on ly  88 days. 

Only f o u r  of  1,096 obse rva t i ons  i n  1959 r epo r t ed  calm. Winds may 

p r e s e n t  s e r i o u s  problems t o  t h e  b i r d s  and t o  t h e  i n v e s t i g a t o r s ,  

e s p e c i a l l y  when blowing onshore. Sea s torms a r e  common i n  t h e  

summer months, p a r t i c u l a r l y  i n  l a t e  summer, accord ing  t o  our  own 

exper ience  and t h e  tes t imony of Eskimo i n h a b i t a n t s  of t h e  region.  

Cloudy days a r e  t h e  r u l e  du r ing  t h e  b reed ing  season. I n  1960 
t h e r e  were a t o t a l  of on ly  1 9  c l e a r  days du r ing  June through Septem- 

ber.  Annual p r e c i p i t a t i o n  probably averages  about 8 i n c h e s ,  a  l a r g e  

p ropo r t i on  of t h i s  f a l l i n g  du r ing  t h e  summer. I n  1960, 6.34 i n c h e s  

f e l l  i n  t h e  months June through September. To t a l  p r e c i p i t a t i o n  

October 1959 through September 1960 was 8.63 inches .  

Formation, d i s s o l u t i o n ,  and d i s s i p a t i o n  of s e a  i c e  depends on a 

complex of  f a c t o r s ,  i n c l u d i n g  wind, water  c u r r e n t s ,  and temperature .  

A s  a r e s u l t ,  i c e  c o n d i t i o n s  may vary  g r e a t l y  from day t o  day. Del imit -  

i n g  t h e  average d a t e  of  " f i n a l  f reezupl '  i s  n o t  p o s s i b l e ,  a l though 

open wate r  a v a i l a b l e  t o  s e a  b i r d s  nea r  t h e  c l i f f s  i s  o r d i n a r i l y  

g r e a t l y  r e s t r i c t e d  beginning i n  February when a  l a r g e  body of s t a b l e  

i c e  becomes e s t a b l i s h e d  i n  t h e  embayment sou th  of  Po in t  Hope and 

ex tends  sou th  of t h e  c l i f f s .  A zone of grounded i c e  h e r e  may ex tend  

two o r  more mi l e s  o f f sho re .  Th is  zone is  t h e  l a s t  t o  d i s appea r  i n  t h e  

summer and du r ing  1959, 1969 and 1961 broke up by t h e  end of t h e  f i r s t  

week i n  Ju ly .  
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Breeding sea birds occur in five concentrated groups on the higher, 

more stable, cliffs. The colonies are scattered from Point Crowbill, 

just northwest of the mouth of Ogotoruk Creek, to the end of the 

cliffs about 1.5 miles west-northwest of Cape Thompson. The groups 

of breeding birds are here referred to as "colonies," each colony 

separated from the next by topographic discontinuities of low relief 

and softer rock xhich vary from a few hundred yards up to 1.5 miles 
in length. Each colony has been designated by a number beginning 

with Colony 1 at Point Crowbill and extending to Colony 5 west-north- 
west of Cape Thompson (see Fig. 1). Cliffs supporting bird colonies 

range from 30 feet to more than 600 feet in height. Most of the rock 

is soft and extensively fractured, and, except for a few places, 

nesting ledges are not safely accessible by man. Small or large rock 

falls are common, and a more or less continuous shower of stones 

falls from many of the cliff faces. k narrow gravel beach separates 

most of the cliffs from the ocean, but in only one colony (Colony 5) 
is it continuous. In Colonies 1 through 4, one to several headlands 
project into the ocean, rendering much of the study area inaccessible 

except by boat. Storms and movement of the sea ice often work con- 

siderable change in shoreline topography from year to year. 



Cape Lisburne POINT 
Poin t  t 

BARROW - 
? 6 Hope ,; /- -. ,- 

Chukc h i  
Peninsula- 

,.. . i f - '  ;, '-L- a 
- I 

. Anchor 

160 mi les  L 

C A P E  T H O M P S O N  A R  

contour interval 200 f e e t  
I - - 1  

CAPE 1 mile 
THOMPSON - - - --. \. 

CROWBILL - - 

Figure 1. Location of  sea b i r d  co lonies  
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SPECIES BREEDING ON THE SEA CLIFFS 

Nine s p e c i e s  of s e a  b i r d s  r e g u l a r l y  b reed  on t h e  s e a  c l i f f s :  . 

p e l a g i c  cormorant (Pha lac rocorax  pe l ag i cus  p a l l a s ) ,  g laucous  g u l l  

(Larus  - hyperboreus ~ u n n e r u s ) ,  black-legged k i t t i w a k e  (Rissa  -- tri- 

dactyls L innaeus ) ,  common n u r r e  (Ur ia  a a lge  ~ o n t o p p i d a n ) ,  t h i c k -  

b i l l e d  murre (U. - lomvia L innaeus) ,  b l a c k  gu i l l emo t  (cepphus g r y l l e  

L innaeus) ,  pigeon gu i l l emo t  (2. colurnba p a l l a s ) ,  horned p u f f i n  

( F r a t e r c u l a  c o r n i c u l a t a  ~ a u n a n n ) ,  and t u f t e d  p u f f i n  (Lunda c i r r h a t a  

P a l l a s ) .  Nes t ing  r e c o r d s  were secured  f o r  a l l  s p e c i e s  except  t h e  

t u f t e d  p u f f i n ,  which undoubtedly b reeds  h e r e ,  bu t  i t  was n o t  p o s s i b l e  

t o  r e a c h  t h e  n e s t  s i t e s .  Four t e r r e s t r i a l  s p e c i e s  b reed  r e g u l a r l y  

on t h e  s e a  c l i f f s :  gy r f a l con  (Falco r u s t i c o l i s  ~ i n n a e u s ) ,  pe r eg r ine  

f a l c o n  (F. - p e r e a r i n u s  T u n s t z l l ) ,  Say ' s  phoebe (Sagorn i s  s aya  Bonapar te) ,  

and t h e  common raven (Corvus corax  ~ i n n a e u s ) .  The gray-crowned ro sy  

f i n c h  (Leucos t i c t e  tephroco: is  Swainson) and t h e  snow bunt ing  (Plectra- 

phenax nivalisi Linnaeus)  were seen  b reed ing  on t h e  c l i f f s  i n  1959. Of 

t h e s e  t e r r e s t r i a l  s p e c i e s ,  on ly  t h e  gy r f a l con ,  p e r e g r i n e ,  and raven 

a r e  s i g n i f i c a n t l y  invo lved  i n  t h e  s e a  b i r d  ecosystem. 

Specimens have been taken of a l l  s p e c i e s  o f  s e a  b i r d s  and have 

been p l aced  i n  t h e  Un ive r s i t y  o f  Alaska Museum. 

Data p e r t a i n i n g  t o  morphometry and b reed ing  b io logy  were ga the r ed  

d u r i n g  a l l  t h r e e  summers but  d a t a  dependent on c o l l e c t e d  specimens a r e  

l a r g e l y  conf ined  t o  1960. Specimens of bo th  s p e c i e s  of  murres,  k i t t i -  

wakes, and horned p u f f i n s  were k i l l e d  wi t4 . sho tguns  a t  weekly o r  b i aeek ly  

i n t e r v a l s ,  p r i m a r i l y  from t h e  n e s t i n g  l e d g e s  of Colony 5 ( s e e  F r o n t i s -  

p i e c e ) .  Th i s  colony w a s  s e l e c t e d  a s  a  c o l l e c t i n g  s i t e  because of i t s  

r e l a t i v e  i s o l a t i o n  from t h e  primary s tudy  c o l o n i e s  and because i t  i s  

p h y s i o g r a p h i c a l l y  unfavorab le  f o r  s t u d i e s  of  n e s t i n g  b i r d s .  Col lec-  

t i o n s  o f  o t h e r  s p e c i e s  were l e s s  i n t e n s i v e ,  s i n c e  popu l a t i ons  were 

sma l l  and l e s s  a b l e  t o  w i th s t and  decimation.  Numerical d a t a  on n e s t  

e s t ab l i shmen t ,  egg- laying,  ha t ch ing ,  and depa r tu r e  of  ch i cks  were 

ob t a ined  by obse rva t i on  of n e s t i n g  a r e a s  chosen f o r  a c c e s s i b i l i t y  and 

v i s i b i l i t y  t o  t h e  i n v e s t i g a t o r s e  
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Murres 

Both common murres and t h i c k - b i l l e d  murres n e s t  on t h e  c l i f f s ,  

though t h e  l a t t e r  a r e  more numerous; i n  gene ra l ,  t h e  geographic 

d i s t r i b u t i o n  of t h e  t h i c k - b i l l e d  murres i s  more n o r t h e r l y  than t h a t  

of t h e  common, which is  r each ing  i ts  no r the rn  limit i n  nor thwest  

Alaska. The phenslogy and eco log i ca l  n i ches  of  t he  two s p e c i e s  a r e  

s i m i l a r , . t h o u g h  t h e r e  a r e  some ev iden t  d i f f e r e n c e s  ( s ee  pages  34, 
99, and 106-108. 

Comparisons of Measurements and Weights 

Measurements of  culmen l e n g t h ,  d i s t a n c e  between n o s t r i l  and b i l l  

t i p ,  wing l e n g t h  ( f l a t t e n e d ) ,  and t a r s a l  l e n g t h  were taken on a d u l t  

b i r d s .  Measurements a r e  summarized f o r  both  s p e c i e s  of murres i n  

Table  1. I n  t h e  t h i c k - b i l l e d  murre, measurements f o r  n o s t r i l  t o  b i l l  

t i p  and f o r  tarsal l e n g t h  were s i g n i f i c a n t l y  g r e a t e r  i n  t h e  male t han  

i n  t h e  female (0.05 and 0.01 l e v e l s ,  r e s p e c t i v e l y ) .  S t o r e r  (1952) 

no ted  s i g n i f i c a n t  d i f f e r e n c e s  between sexes  i n  t a r s a l  l e n g t h ,  culmen 

l e n g t h ,  and b i l l  depth ,  w i t h  males showing g r e a t e r  v a l u e s  i n  a l l  cases .  

No s i g n i f i c a n t  d i f f e r e n c e s  were found i n  wing l e n g t h  i n  e i t h e r  s tudy.  

I n  t h e  common murre, wing l e n g t h  was found t o  be s i g n i f i c a n t l y  

g r e a t e r  i n  males as compared w i t h  females (0.01 l e v e l ) .  Other com- 

p a r i s o n s  between s exes  were no t  s i g n i f i c a n t l y  d i f f e r e n t .  S t o r e r  

(1952) found s i g n i f i c a n t  d i f f e r e n c e s  i n  culmen l e n g t h  and b i l l  dep th ,  

b u t  n o t  i n  wing l e n g t h  o r  t a r s a l  l eng th .  

When compared, average measurements of t h e  two s p e c i e s  showed 

s i g n i f i c a n t  d i f f e r e n c e s  i n  a l l  cases .  Common murres had s i g n i f i c a n t l y  

l o n g e r  culmen, n o s t r i l  t o  b i l l  t i p ,  and t a r s a l  l e n g t h s ,  and s i g n i f i -  

c a n t l y  s h o r t e r  wing l e n g t h s  than  t h i c k - b i l l e d  murres (0.01 l e v e l  i n  

a l l  c a se s ) .  

These d i f f e r e n c e s  between s p e c i e s ,  e s p e c i a l l y  i n  b i l l  l e n g t h  and 

wing l e n g t h ,  may be  r e l a t e d  t o  d i f f e r e n c e s  i n  f eed ing  niche ( s ee  pzges  - 
106-108. 



TABLE 1. ~ x t e r n a l  measurements ( i n  mi l l ime te r s )  of a d u l t  t h i ck -b i l l ed  and common murres co l l ec t ed  a t  
Cape Thompson colonies  during 1960 

Thick-bi l led Murre Common I~iurre 

iiing 

Tarsus 

L 

No. Mean + S t .  Error - Range 

39 44.9+0.29 - 41-6-49 4 

37 44.2+0.33 - 40.6-49.3 

76 44.6+0.22 - 40.6-49.4 

39 38.8+0.27 - 35.6-42 o 
37 3 8 . ~ ~ 0 . 2 4  35.9-41.0 

76 3 .5+0 .18  - 35.6-42.0 

41 216.7+0.88 - 202-229 

38 215.3+1.02 - 201 -228 

7 9 216.0+0.67 - 201-229 

41 38.5+0.24 - 35.2-42.1 

38 38.0+0.29 - 34.0-41.1 

7 9 38.320.19 34.0-42.1 

Measurement Sex 

c?' 
Culmen 9 

S+O 

8 
Nos t r i l  3 t 0 

b i l l - t i p  3 + ?  

0" 

'3 
d+ 9 

8 

9 
d + Q  

No. Mean 2 S t  . Error Range 

79 38.320.23 33.4-42.7 

58 37.620.26 33.1-43.5 

137 38.020.18 33.1-43.5 

80 31.3+0.18 - 28 3-34.8 

59 30.7+0.19 - 28.0-34.6 

139 31.0+0.14 - 28.0-34.8 

80 223.6+0.72 - 208-236 

59 223.2+0.85 - 201-235 

139 223.4+0.55 - 201-236 

80 37.220.20 33.5-42.1 

59 36.4+0.20 - 32.5-39.8 

139 36 .90 .15  32.8-42.1 



Weights were taken of a l l  a d u l t  murres c o l l e c t e d  a t  Cape Thompson. 

The amount of  subcutaneous and abdominal c a v i t y  f a t  was recorded on 

a s c a l e  of f i v e  c l a s s e s  ( c l a s s  1 - no v i s i b l e  f a t ;  c l a s s  5 - exces s ive  

amount of  f a t ) .  

Weights of  a d u l t  t h i c k - b i l l e d  and common murres a r e  summarized 

f o r  bi-weekly p e r i o d s  and f o r  t h e  summer o f  1960 a s  a  whole i n  Table 2. 

Weight d i f f e r e n c e s  between s e x e s  of  t h e s e  s p e c i e s  were n o t  apparent .  

Common murres,  however, averaged s i g n i f i c a n t l y  heav i e r  than  t h i ck -  

b i l l e d  murres. S ince  t h e  weigh ts  of  males of t h e  two s p e c i e s  were 

on ly  s l i g h t l y  d i f f e r e n t  ( no t  s i g n i f i c a n t ) ,  t h e  o v e r a l l  s p e c i e s  d i f f e r -  

ence i s  r e l a t e d  t o  a l a r g e  d i f f e r e n c e  between t h e  weights  of females  

o f  t h e  two spec i e s .  

Weights of bo th  males and females  summarized over  two-week p e r i o d s  

f l u c t u a t e d  markedly (F igu re s  2 and 3 ) .  Comparisons between weights  

du r ing  d i f f e r e n t  p e r i o d s  were i n  most c a s e s  no t  s t a t i s t i c a l l y  s i g n i f i -  

can t .  The drop i n  weight of female t h i c k - b i l l e d  murres between May 

and t h e  f i r s t  h a l f  o f  June w a s  s i g n i f i c a n t  (0.05 l e v e l ) .  Th is  drop 

w a s  a l s o  shown by male t h i c k - b i l l e d  murres bu t  n o t  by common murres,  

p o s s i b l y  because o f  t h e  s m a l l  numbers of t h i s  l a t t e r  s p e c i e s  examined 

du r ing  t h i s  p a r t  of  t h e  summer. The drop shown by female common 

murres between t h e  f i r s t  and second h a l v e s  of  August was a l s o  s i g n i f i -  

c an t  (0.05 l e v e l ) .  Th i s  g e n e r a l  drop was p r e s e n t  i n  male common 

murres and i n  male and female t h i c k - b i l l e d  murres. The f a c t  t h a t  i n  

t h e  t h i c k - b i l l e d  murre changes du r ing  t h e  summer a r e  s i m i l a r  i n  bo th  

s exes  sugges t s  t h a t  t h e s e  changes a r e  no t  e n t i r e l y  random f l u c t u a t i o n s .  

Determination of t h e  cause  of t h e s e  changes i n  weight i s  d i f f i -  

c u l t .  The decrease  i n  weight between May and e a r l y  June,  corresponding 

t o  t h e  p r e -nes t i ng  p e r i o d  of c l i f f  occupa t ion ,  may i n d i c a t e  a  weak 

development of d a i l y  f eed ing  p a t t e r n s  a t  t h i s  t ime ,  o r  pos s ib ly  t h a t  

s e a  i c e  cond i t i ons  l i m i t e d  f avo rab l e  f eed ing  a r e a s  i n  t h e  v i c i n i t y  o f  

t h e  c l i f f s .  

A second marked dec rea se  i n  weight occur red  between t h e  l a s t  

h a l f  of J u l y  and t h e  end of August, corresponding t o  t h e  pe r iod  when 

most a d u l t s  were f eed ing  ch icks .  Th i s  decrease  may i n d i c a t e  t h a t  



TABLE 2. Average weights in grams of adult male and female thick-billed 
and common murres throughout the summer of 1960 at Cape Thompson 
colonies 

Sex Period Thick-billed Murre Common Murre 

No. Av. Wt. + St. Error - No. Av. Wt. + St. Error - 

June 1-15 6 
+ 

966.8 - 26.60 0 - 
June 15-30 24 1000.5 2 14.74 14 971.6 2 20.04 
July 1-15 14 

+ 
955.1 - 15.56 

July 15-51 7 + 
1003;7 - 26.39 

Aug. 1-15 7 967.0 f 28.03 

Aug, 15-31 10 925.5 2 20.87 

Total Summer 79 975.5 + 7.87 41 + 
980.8 - 10.28 

May 10 

June 1-15 7 
June 15-30 11 

to 
@ July 1-15 14 
d 
(d 

July 15-31 4 
Ere Au~. 1-15 2 

Aug. 15-31 4 
Sept.1-15 8 

Total Summer 60 

A1 1 
birds Summnr 139 964.4 6.12 78 984.6 7.68 
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Figure j, Average weights of adult male and female thick- 
b i l l e d  murres a t  Cape Thompson colonies during summer of 1960. 
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dur ing  t h i s  pe r iod  much of t h e  food obta ined by a d u l t s  i s  d i v e r t e d  

t o  t h e  ch i cks ,  r e s u l t i n g  i n  a  l e s s  favorab le  energy balance f o r  t h e  

a d u l t s .  Adul ts  of bo th  s p e c i e s  showed t h i s  decrease  c l e a r l y .  

Plumage and Molt 

B i rd s  a t  t h e  c l i f f s  were almost  a l l  i n  complete b reed ing  plumage 

du r ing  a l l  t h r e e  b reed ing  seasons .  

During t h e  summer of  1959, a  t h i c k - b i l l e d  murre i n  w i n t e r  plumage 

was c o l l e c t e d  on 14  Ju ly .  I n  1960, i n d i v i d u a l s  i n  a lmost  complete 

w i n t e r  plumage were seen  i n  t h e  water  a t  t he  base  of t h e  c l i f f s  on 

29 J u l y  and 1 6  August. One t h i c k - b i l l e d  murre i n  w i n t e r  plumage w a s  

c o l l e c t e d  on 3 August by D. Johnston about two mi les  sou th  of Ogotoruk 

Creek. This  b i r d  showed s l i g h t  development of  gonads and a weak 

development of  t h e  brood pa tch .  It i s  probable  t h a t  t h e s e  b i r d s  i n  

complete w i n t e r  plumage a r e  young, non-breeding b i r d s .  

From 20 J u l y  through t h e  f i r s t  week of September, 1960, occa- 

s i o n a l  t h i c k - b i l l e d  murres had t r a c e s  of whi te  f e a t h e r s  on t h e  t h r o a t  

( t y p i c a l  of w i n t e r  plumage). Whether t he se  were non-breeding a d u l t s  

o r  simply ea r ly -mol t ing  b r e e d e r s  is  no t  c e r t a i n .  On 20 August, E. J. 

Willoughby, aboard t h e  hIotor Vessel  BROWN BEAR, c o l l e c t e d  two i n d i -  

v i d u a l s  about  40 mi l e s  from sho re ,  one wi th  whi te  f e a t h e r s  on t h e  

t h r o a t ,  and one appa ren t l y  i n  t h e  p roces s  of mol t ing t h e  pr imary 

f e a t h e r s .  The former possessed  a well-developed brood pa t ch  which 

was i n  t h e  p roces s  of r e g r e s s i n g ,  sugges t i ng  t h a t  i t  w a s  a  b reed ing  

b i r d .  The l a t t e r  showed no t r a c e  of a  brood pa t ch  and only  a s l i g h t  

degree  of  gonadal development. 

On 1 2  J u l y  1960, a male common murre was c o l l e c t e d  on which t h e  

f e a t h e r s  of t h e  v e n t r a l  s i d e  of t h e  pos t -ocu la r  groove were whi te-  

t ipped .  There were no whi te  f e a t h e r s  around t h e  eye i t s e l f ,  a s  i n  

t h e  t y p i c a l  "b r id l ed"  form of  t h e  common murre, which has  been recorded 

on ly  i n  popu la t i ons  i n  t h e  A t l a n t i c  Ocean. It. i s  p o s s i b l e  t h a t  t h i s  

may r e p r e s e n t  a  weak development of t h i s  c h a r a c t e r ,  however. A s k i n  



w a s  made of t h i s .  specimen and i s  i n  t h e  Univers i ty  of Alaska Museum 

(L. G. S. 60-216)" 

On 30 August 1960, a completely a l b i n o  t h i c k - b i l l e d  murre c h i c k  

was found dead on t h e  beach of  one of t h e  co lon ies .  Development o f  t h e  

ch ick  w a s  equ iva l en t  t o  t h a t  of  o t h e r  ch i cks  which were e n t e r i n g  t h e  

water  and i t  i s  probable  t h a t  t h i s  i n d i v i d u a l  had a t tempted t o  do so .  

The s k i n  of t h i s  Fndiv idua l  has  been p laced  i n  t h e  Un ive r s i t y  o f  

Alaska Museum (L. G. S, 60-530). S t o r e r  (1952) does no t  l is t  any 

completely a l b i n o  specimens of t h e  t h i c k - b i l l e d  murre, a l though  

p a r t i a l  a lb in i sm has  been recorded s e v e r a l  t imes  i n  t h e  spec i e s .  

Winter and Ear ly  Spr ing  A c t i v i t i e s  

L i t t l e  i s  known of t h e  w i n t e r i n g  grounds of  murres n e s t i n g  in 

Alaska. The bu lk  of murre popu la t i ons  appa ren t l y  w i n t e r  sou th  of 

Ber ing S t r a i t  (Gabr ie l son  and Linco ln ,  1959).  Shuntov (1961) s t a t e s  

t h a t  l a r g e  popu la t i ons  o f  bo th  t h i c k - b i l l e d  and common murres spend 

t h e  w i n t e r  i n  B r i s t o l  Bay, and i t  is  p o s s i b l e  t h a t  Cape Thompson b i r d s  

a r e  r ep re sen t ed  i n  t he se  f l ocks .  S c a t t e r e d  obse rva t i ons ,  most ly  from 

Po in t  Hope, i n d i c a t e  t h a t  small numbers may r e g u l a r l y  be p r e s e n t  i n  

t h e  Cape Thompson r eg ion  throughout t h e  w in t e r  i n  open l e a d s  i n  t h e  

i c e .  During t h e  w i n t e r  o f  1959-60, obse rva t i ons  by D. C. Foote a t  

Po in t  Hope i n d i c a t e d  t h a t  over  100  b i r d s  remained i n  t h e  a r e a  i n  p l a c e s  

where open wate r  w a s  a v a i l a b l e .  Rev. Lawton of Po in t  Hope s t a t e s  t h a t  

i f  open water  is p r e s e n t ,  murres a r e  l i k e l y  t o  be p r e sen t .  The r e l a t i v e  

s t a t u s  of t h e  two s p e c i e s  of murres i n  w in t e r  a t  Po in t  Hope is no t  

known, b u t  i t  i s  probable  t h a t  t h e  bu lk  of r eco rds ,  i f  no t  a l l ,  a r e  o f  

t h e  t h i c k - b i l l e d  murre, 

Shuntov (op. c i t . )  observed northward f l i g h t s  of murres i n  B r i s t o l  

Bay i n  e a r l y  Apr i l .  An i n c r e a s e  i n  numbers of murres i n  l e a d s  and open 

water  a r e a s  i n  t h e  v i c i n i t y  of Cape Thompson took p l a c e  du r ing  t h e  las t  

h a l f  o f  A p r i l  i n  1960 and preceded t h e  a r r i v a l  of b i r d s  a t  t h e  n e s t i n g  

c l i f f s .  Between 20 and 25 A p r i l ,  L. M. Belson observed f l o c k s  of 
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murres ,  ranging.f rom 25 t o  75 b i r d s  each,  f l y i n g  n o r t h  i n  t h e  v i c i n i t y  

of P o i n t  Hope. These f l o c k s  t o t a l e d  about 1 ,300  b i r d s .  On 25 A p r i l ,  

W. 0. P r u i t t  noted s e v e r a l  f l o c k s  of  murres and e i d e r s ,  t o t a l i n g  about  

500 b i r d s ,  between P o i n t  Hope and t h e  mouth of Angahyoukuk Creek. The 

f i r s t  murres were r e p o r t e d  a t  K iva l i na  by a  whaling crew on 26 A p r i l  

( f i d e  D. J. Saa r io ) .  Many of  t h e s e  obse rva t i ons  may have r ep re sen t ed  

b i r d s  moving norLh t o  t h e  v i c i n i t y  of  o t h e r  c o l o n i e s ,  bu t  t h e i r  p r e s -  

ence i n d i c a t e s  t h a t  ex t ens ive  movements and an i n c r e a s e  of numbers 

took p l a c e  du r ing  t h i s  p e r i o d  i n  1960, 

Pye-nest ing Per iod  o f  C l i f f  Occupation 

I n  1960 t h i c k - b i l l e d  murres f i r s t  a r r i v e d  a t  t h e  Cape Thompson 

c l i f f s  on 2 May. Large numbers were p r e s e n t  on t h e  c l i f f s  a t  t h e  

i n i t i a l  obse rva t i on ,  though t h i s  d i d  no t  r e p r e s e n t  a  l a r g e  f r a c t i o n  

of t h e  t o t a l  b reed ing  popula t ion .  S ince  no open water  of  any s i g -  

n i f i c a n c e  i s  normally a v a i l a b l e  a t  t h e  base  of t h e  Cape Thompson 

c l i f f s  u n t i l  about ano the r  month ha s  passed ,  t h e  phase of  land-coming 

desc r ibed  by Tuck ( 1 9 6 0 ) ~  of  temporary r e s idence  i n  t h e  water be fo re  

a c t u a l  occupat ion of  t h e  l e d g e s ,  is  n o t  found a t  Cape Thompson. 

Common murres were f i r s t  observed on 1 0  May. I n  1961 t h i c k - b i l l e d  

murres a r r i v e d  i n  l a r g e  numbers on 1 May. Common murres were f i r s t  

observed on 7 May. About two months e lapsed  i n  bo th  1960 and 1961 
be fo re  egg-laying began. 

A s  Tuck (1960) obse rves ,  t h e  n e s t i n g  phenologies  of co lon i e s  i n  

which both  s p e c i e s  of murres a r e  foundhave been l i t t l e  s t ud i ed .  Obser- 

v a t i o n s  a t  Cape Thompson, however, do n o t  seem t o  agree  wi th  t h e  few 

t h a t  have been made elsewhere.  Tuck (op. c i t . )  shows c l e a r l y  t h a t  i n  

c o l o n i e s  he ha s  s t u d i e d  on t h e  e a s t  c o a s t ,  t h i c k - b i l l e d  n u r r e s  a r r i v e  

l a t e r  and n e s t  l a t e r  than do common murres. 

It i s  p o s s i b l e  t h a t  many o f  t h e  murres were p a i r e d  on a r r i v a l  

a t  t h e  c l i f f s  o r  t h a t  p a i r i n g  took p l a c e  s h o r t l y  a f t e r  a r r i v a l .  

Copulat ion w a s  observed on t h e  d a t e  of  a r r i v a l  i n  bo th  1960 and 1961, 

l ong  be fo re  egg-laying.  I n  any even t ,  p a i r i n g  probably occurs  on t h e  



wate r ,  and a t  Cape Thompson i t  was n o t  p o s s i b l e  t o  i n v e s t i g a t e  p a i r i n g  

where i t  probably occurred s e v e r a l  m i l e s  a t  s e a  beyond t h e  f i rmly  

anchored zone of i n s h o r e  i c e .  Tuck (op. c i t . )  t a k e s  i s s u e  w i t h  

s e v e r a l  au tho r s  who contend t h a t  p a i r i n g  t a k e s  p l a c e  be fo re  a r r i v a l .  

It should be noted t h a t  Tuck u se s  t h e  word " a r r i v a l "  i n  a  d i f f e r e n t  

s ense  than I have a t  Cape Thompson, s i n c e  b i r d s  i n  most o t h e r  c o l o n i e s  

i n v e s t i g a t e d  " a r r i ve"  i n  t h e  water  immediately ad j acen t  t o  t h e  n e s t i n g  

c l i f f s  some t ime be fo re  a c t u a l  occupat ion of t h e  l edges .  I n  t h e  ab- 

sence of  evidence drawn from obse rva t i ons  a t  s e a ,  copula t ion  on t h e  

day of  a r r i v a l  would seem t o  i n d i c a t e  t h a t  a t  l e a s t  some p a i r i n g  h a s  

occur red  by t h e  time t h e  l e d g e s  a r e  occupied.  

The e a r l y  p a r t  of  t h e  p r e -nes t i ng  pe r iod  a t  Cape Thompson was 

c h a r a c t e r i z e d  by a l t e r n a t i n g  p e r i o d s  i n  which b i r d s  were p r e s e n t  i n  

l a r g e  numbers o r  almost  t o t a l l y  absent .  The c o n t r o l l i n g  f a c t o r s  i n  

t h e s e  p e r i o d s  of p resence  and absence a r e  no t  c l e a r .  Uspenski (1956) 

h a s  suggested t h a t  a r r i v a l  a t  t h e  n e s t i n g  c l i f f s  i s  r e l a t e d  t o  i c e  

cond i t i ons .  It is  t h e r e f o r e  p o s s i b l e  t h a t  s e a  i c e  movements, r e s u l t i n g  

i n  changes i n  l o c a t i o n  of  open water  f eed ing  a r e a s  may i n f l u e n c e  

numbers a t  t h e  c l i f f s .  Weather a t  Cape Thompson i n f l u e n c e s  t h e  b i r d s  

i n  some r e s p e c t s  b u t  does n o t  seem t o  be b a s i c  i n  c o n t r o l l i n g  t h e  

presence-absence p a t t e r n .  Probably t h e  dominating f a c t o r  i n  t h i s  

p a t t e r n  which r e p e a t s  yea r  a f t e r  yea r  i s  a complex of  phys io log i ca l  

and behav io ra l  f a c t o r s  o p e r a t i n g  i n  t h e  recrudescence of t he  b reed ing  

cond i t i on .  

Superimposed upon t h i s  p a t t e r n  o f  p resence  and absence a t  t h e  

c l i f f s  w a s  a  d a i l y  a c t i v i t y  p a t t e r n .  Th is  d i u r n a l  p a t t e r n  w i l l  be 

d i s cus sed  i n  more d e t a i l  l a t e r ,  b u t  i n  gene ra l  i t  involved a  build-up 

of  numbers du r ing  t h e  a f t e rnoon  and evening hours  and a  decrease  i n  

numbers du r ing  t he  morning hours.  During June,  f l u c t u a t i o n s  i n  

numbers of s e v e r a l  days '  du ra t i on  cont inued b u t  became reduced i n  

magnitude. During t h i s  same pe r iod  t h e  d i u r n a l  p a t t e r n ,  probably 

r e l a t e d  t o  feed ing ,  became more prominent. During t h i s  pe r iod  a  s t r o n g  

a t tachment  f o r  t h e  n e s t i n g  l e d g e s  developed and a  r e g u l a r  d a i l y  f eed ing  

rhythm cen t e r ed  a t  t h e  c l i f f s  w a s  e s t ab l i shed .  

The n a t u r e  of t e r r i t o r i a l  behavior  i n  murres i s  no t  c l e a r ,  



a l though  i t  i s  obvious t h a t  t e r r i t o r i e s ,  i f  p r e s e n t ,  must c o n s i s t  o f  a 

very l i m i t e d  a rea .  Aggressive behavior  on t h e  n e s t i n g  l e d g e s  i s  com- 

mon,though i t  d imin ishes  a s  n e s t  s i t e  s e l e c t i o n  i s  completed. This e 

behavior  o f t e n  l e a d s  t o  a c t i v e  f i g h t i n g  i n  which t h e  i n d i v i d u a l s  may 

l e a v e  t h e  l e d g e s  and con t inue  f i g h t i n g  i n  t h e  wate r  f o r  long  pe r iods .  

P a i r s  o f  t h e s e  f i g h t i n g  b i r d s  cap tured  i n  t h e  water  a r e  u s u a l l y  males. 

Five p a i r s  cap tured  i n  1960 were a l l  males. Tuck (19601, on t h e  o t h e r  

hand, cap tured  s i x  f i g h t i n g  t h i c k - b i l l e d  murres,  a l l  of which were 

females.  Tuck (op. c i t . )  d i s c u s s e s  c o n f l i c t  i n  some d e t a i l  as does 

Pennycuick (1956). The i r  obse rva t i ons  a r e  n e a r l y  i d e n t i c a l  w i th  t hose  

made a t  Cape Thompson. Observat ions  by Johnson (1941) i n d i c a t e  t h a t  

when eggs  a r e  moved some d i s t a n c e  from t h e i r  o r i g i n a l  l o c a t i o n ,  t h e  

a d u l t s  t end  t o  move them back,  i n d i c a t i n g  an at tachment  n o t  on ly  t o  

t h e  egg,  bu t  t o  a  s p e c i f i c  s e c t i o n  o f  t h e  ledge.  It i s  probable  t h a t  

a minimum defended a r e a  does occur ,  and t h a t  i t  i s  r e l a t e d  t o  both  a 

s p e c i f i c  l edge  a r e a  and t o  t h e  l o c a t i o n  of  t h e  egg o r  ch ick ,  s i n c e  

t h e s e  a r e  s u b j e c t  t o  some movement due t o  t h e  absence of  a d e f i n i t e  n e s t .  

During t h e  l a t t e r  p a r t  of  t h e  p r e -nes t i ng  pe r iod ,  open water  a r e a s  

a long  t h e  shore  a t  t h e  base of  t h e  Cape Thompson c l i f f s  and poo l s  i n  

t h e  i c e  c l o s e  t o  sho re  were i n t e n s i v e l y  u t i l i z e d  by t h e  b i r d s  ( s ee  - 
Fig. 4). Murres were occas iona l l y  noted on t h e  i c e  a long  t h e  shore ,  

i n  most c a se s  a s  a r e s u l t  o f  i n a b i l i t y  t o  g a i n  s u f f i c i e n t  f l y i n g  speed 

on d e p a r t i n g  from t h e  c l i f f s .  On a r e a s  of smooth i c e  many o f  t h e s e  

b i r d s  were a b l e  t o  t a k e  o f f .  I n  some ca se s ,  e s p e c i a l l y  where t h e  i c e  

was uneven, t hey  were appa ren t l y  unable  t o  do so .  pIurres i n j u r e d  i n  

rock f a l l s  on t h e  c l i f f s  o r  i n  s t r i k i n g  t h e  i c e  were f r e q u e n t l y  noted 

on t h e  i c e  nea r  t h e  c l i f f s -  



F i g u r e  4. View of Colony 4 showing o f f s h o r e  l e a d s  
deve lop ing  as the  i c e  me1 ts. Approximately 
12 ,000  s e a  b i r d s  were occupying t h e s e  p a t c h e s  
of open wa te r  on 1 6  June 1960. 



Egg-laying and Incubation 

The first eggs of both thick-billed and common murres 

were observed on 9 July 1959. In 1960 eggs of both species 

were found on 27 June. On 26 June, however, two female thick- 

billed murres were collected, each containing a recently 

ovulated follicle, indicating that some laying occurred in 

thick-billed murres before 27 June. In 1961, a common murre 

egg was seen on 23 June. Thick-billed murre eggs were observed 

on 24 June. Uspenski (1956) has reported that egg-laying in 
murres is closely associated with sunshine. Data from Cape 

Thompson support his conclusions in that bursts of laying 

occurred in all three years during sunny days following rainy, 

overcase periods. 

Egg-laying continued through the end of July in all years, 

although many of the late layings represented replacement of 

eggs by birds which had lost them through falls or predation. 

The peak of initial laying lasted about 10 days (Fig. 5). 
Tuck (1961) has thoroughly discussed the egg and phenomena 

associated with laying and incubation. No significant departures 

from what is already known were observed at Cape Thompson. The 

details need not be repeated here. Both thick-billed and common 

murres lay a single egg. No nest is constructed, and the eggs 

are therefore laid on bare ledges, usually in level or depressed 

areas where the chance of rolling off is reduced. Both adults 

incubate, and the egg is not normally left unattended by the 

parents. The close approach of an observer, however, will 

cause the departure of many incubating birds. The level of 

disturbance necessary to frighten an incubating adult from the 

egg is least at the beginning of the incubation period. 

Data on the stage of development of the reproductive organs 

and brood patches throughout the course of the summer were 

obtained from birds collected at regular intervals in 1960. At 

the time of autopsy, testes of males were removed and lengths 

of the major and minor axes measured. Ovaries were removed 
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Figure 5. Average number of e g g s  l a i d  per  day on 
mapped p l o t s  by murres a t  Cape Thompson during the 
summer o f  1960. 



from females ,  and t h e  d iamete r  o f  t h e  l a r g e s t  f o l l i c l e  was 

measured. 

From measurements t aken  on t e s t e s  a t  t he  t ime of autopsy,  ' 

t h e  approximate volume of t he se  o rgans  could  be c a l c u l a t e d  
2 

u s i n g  t h e  formula f o r  a p r o l a t e  spher iod  (V=4/3%?ab ). Data 

on volume of t e s t e s  of  t h i c k - b i l l e d  murres were summarized 

f o r  bi-weekly p e r i o d s  over  t h e  e n t i r e  summer (Table 3 ,  Fig. 61.. . 

Maximum development was a t t a i n e d  dur ing  t h e  f i r s t  h a l f  o f  June, 

about  two weeks b e f o r e  t h e  f i r s t  eggs were l a i d .  The volume 

t hen  dec l i ned  g r a d u a l l y  u n t i l  i n  t h e  f i r s t  p a r t  of  September 

v a l u e s  were below t h o s e  ob ta ined  i n  May. Data f o r  common 

murres were summarized i n  t h e  same manner (Table 3,  Fig.  7). ' - 

Data on common murre males a r e  l a c k i n g  f o r  the  e a r l y  p a r t  of 

t h e  summer, b u t  t e s t e s  volumes from l a t e  June through e a r l y  

September were s i m i l a r  t o  t hose  o f  t h i c k - b i l l e d  murres. 

I t  i s  i n t e r e s t i n g  t h a t  Tuck (1960) observed the e a r l i e s t  

copu l a t i ons  a t  Cape Hay i n  t h e  Canadian a r c t i c  on ly  f i v e  days 

be fo r e  t h e  f i r s t  egg was l a i d .  A t  Cape Thompson, almost  two 

months r e g u l a r l y  seems t o  e l a p s e ;  and f u r t h e r ,  copu l a t i on  a t  

Cape Thompson has  been observed o c c a s i o n a l l y  a lmost  u n t i l  

d e p a r t u r e  o f  t h e  .chicks .  Th i s  c o n t r a s t s  w i th  t h e  t h r e e  week 

"copula t ion  per iod"  of Tuck. On t h e  grounds t h a t ,  a l though  

copu l a t i on  v i r t u a l l y  ceased i n  h i s  obse rva t i ons  a f t e r  t h i s  

three-week p e r i o d ,  l o s t  eggs  could  be r ep l aced  w i t h  f e r t i l e  

eggs f o r  some t ime,  he hypothes ized  t h a t  spermatozoa might 

l i v e  i n  t h e  female f o r  some time. The d e c l i n e  i n  t e s t i s  

volume a t  Cape Thompson, beg inn ing  about two weeks be fo r e  t h e  

f i r s t  l a y i n g ,  i s  c o n s i s t e n t  wi th  h i s  hypothes i s  i n  t h a t  i t  is  

l i k e l y  t h a t  c o p u l a t i o n s  a f t e r  r e g r e s s i o n  o f  t e s t e s  had begun 

would r e s u l t  i n  t r a n s f e r  o f  fewer o r  l e s s  v igorous  sperms. 

Data f o r  d iamete r  of  l a r g e s t  ovar ian  f o l l i c l e s  of  females  

was a l s o  summarized by bi-weekly pe r i ods  over  t h e  e n t i r e  

summer f o r  bo th  s p e c i e s  o f  murres (Table 4, Fig.. 6 and.  7). . 

Maximum f o l l i c l e  s i z e  occurred i n  both s p e c i e s  du r ing  t h e  



SABLE 3. Volume of t e s t e s  ( i n  cu. cm.) of male th i ck -b i l l ed  and 
common murres throughout the  summer of 1960 a t  Cape Thompson. 

Left T e s t i s  Right T e s t i s  
Species Period 

No. Av. vo1.f S t .  E r r o r  No. Av. vo1.t S t .  E r ro r  

May 
June 1-15 
June 15-30 

Thick- J u l y  1-15 - 
Ju ly  15-31 Murre 
Aug. 1-15 

A u ~ .  15-31 

Sept. 1-15 

June 1-15 0 

June 15-30 11 

Ju ly  1-15 1 4  

Common Ju ly  15-31 2 
Murre ~ u g .  1-15 4 

Aug. 15-31 1 

Sept. 1-15 4 



June July August September 

Figure 6. Volume of testes, diameter of largest ovarian 
follicle and development of brood patch of thick-billed 
murres at Cape Thompson during summer of 1960 
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Figure 7. Volume of testes, diameter of largest ovarian 
follicle and development of brood patch in common murres 
at Cape Thompson during summer of 1960 



TABLE 4. Average diameter (in millimeters) of largest ovarian 
follicle of female thick-billed and common murres through- 
out the summer of 1960 at Cape Thompson 

Thick-Billed Murre Common Murre 
Period 

No. Av. diameter f St. Error No. Av. diameter * St.Error 

May 

June 1-15 

June 15-30 

July 1-15 

July 15-31 

Au~. 1-15 

Au~. 15.31 

Sept. 1-15 



last half of .June, corresponding to the period when laying 

began. Follicle size declined after this period. Maximum 

development of gonads of the two sexes did not occur at the 

same time. 

The stage of development of the brood patches of all adult 

murres collected was recorded. Measurements of size and drawings 

of location and appearance were made. 

Development began with the loss of feathers on separate, 

oval areas on either side of the mid-ventral line of the 

posterior part of the abdomen. As development proceeded, these 

areas united and formed a single, large brood patch. Brood 

patches were similar in size and location in males and females 

and in both species of murres. In thick-billed murres the 

maximum width, measured along the body curvature, averaged 

60.1 mm; and the length, measured along the midline, averaged 

34.4 mm. In the common murre the maximum width averaged 57.7 mm 
and length 33.4 mm. These measurements are from birds showing 

maximum development of the brood patch. 

Development and regression of brood patches was divided 

into arbitrary stages and each bird classified on this basis. 

This scale was based on the following criteria: 

Class 0 - No evidence of brood patch development. 
Class 1 - Loss of down and some contour feathers, 

beginning in separate areas on either side 

of the midline, 

Class 2 - Almost complete loss of down and most contour 
feathers; vascularization beginning. 

Class 3 - Complete loss of feathers; heavy vascular- 
ization (maximum development). 

Class 4 - Regression beginning with down appearing, 
especially around edges; sheaths of new 

contour feathers appearing. 



Class  5 - Most of a r e a  down-covered, contour  f e a t h e r s  

beg inn ing  t o  b reak  ou t  o f  shea ths .  

C l a s s  6 - Complete r e g r e s s i o n ,  appearance a s  i n  c l a s s  0. 

Stages  i n  development o f  brood pa t ches  of common and t h i ck -  

b i l l e d  murres,  based on t h e  above c l a s s i f i c a t i o n ,  were summarized 

over  bi-weekly p e r i o d s  f o r  t h e  e n t i r e  summer (Table 5, Fig. 6 and 

7) .  .Brood  pa t ches  were absen t  i n  males and females of  both  

s p e c i e s  du r ing  May and t h e  f i r s t  h a l f  of June. Development :' : 

began i n  l a t e  June and w a s  maximum i n  most b i r d s  throughout 

July .  Development i n  common murres appeared t o  be somewhat 

l a t e r ,  b u t  t h i s  d i f f e r e n c e  i s  probably no t  s i g n i f i c a n t .  

Regression began d u r i n g  August, bu t  w a s  n o t  complete by t h e  

f i r s t  week i n  September when c o l l e c t i n g  of l a r g e  numbers o f  

b i r d s  w a s  d i scon t inued .  

The l e n g t h  of t h e  i ncuba t i on  pe r iod  w a s  n o t  determined 

p r e c i s e l y ,  b u t  obse rva t i ons  on marked p l o t s  al lowed approximate 

p e r i o d s  t o  be determined. The pe r iod  between f i r s t  observed 

l a y i n g ,  on 27 June 1960,and first observed ha tch ing ,  30 J u l y ,  

was 34 days i n  t h e  t h i c k - b i l l e d  murre. The f i r s t  l a y i n g  of  

common murres was 27 June 1960 and t h e  f i r s t  ha tch ing  on 1 

August, g i v i n g  a  p e r i o d  of  36 days. I n d i v i d u a l  i ncuba t i on  

p e r i o d s  f o r  b i r d s  on mapped p l o t s  were determined t o  w i th in  

s e v e r a l  days. These i ncuba t i on  p e r i o d s  a r e  summarized i n  

Table 6. 
Tuck (1960) summarizes incuba t ion  t imes a s  given by 

s e v e r a l  a u t h o r s  an4  no doubt r i g h t l y ,  p o i n t s  out  t h a t  t h e  

v a r i a b l e  i ncuba t i on  t imes  seen  i n  murres probably a r e  due 

t o  bo th  vary ing  a s s i d u i t y  among t h e  p a r e n t s  and d i f f e r i n g  

microcl imate  between n e s t  s i t e s .  

Loss of  eggs a t  Cape Thompson dur ing  incuba t ion  was 

heavy i n  1959 and 1960, and l e s s  s o  i n  1961. The most common 

cause of egg l o s s  w a s  f a l l i n g  from ledges .  Dis turbance o f  

b i r d s  by approach o f  obse rve r s ,  and e s p e c i a l l y  by c l o s e  

approach t o  t h e  c l i f f s  by a i r c r a f t ,  o f t e n  r e s u l t e d  i n  l o s s  of  



TABLE 5. Brood patch development of adu l t  th ick-bi l led  and common 
murres of both sexes throughout the  summer of 1960 a t  
Cape Thompson (see page28-29 f o r  descr ip t ion  of c l a s s  values. - 

Ma1 e s Females 
Species  Period 

No. Av. c l a s s  value No. Av. c l a s s  value 

May 

June 1-15 
June 16-36 

Thick-billed J u l y  1-15 
Murre ~ u l y  16-31 

A U ~ .  1-15 
~ u g .  18-31 

Sept. 1-15 

May 
June 1-15 
June 16-30 

Common Murre ~ u l y  1-15 
Ju ly  16-31 

A U ~ .  1-15 
Aug. 16-31 

Sept. 1-15 



TABLE 6. Individual incubation periods of murres (both s p e c i e s )  . 
on mapped p l o t s  a t  Cape Thompson during the summer of 
1960 

Length of period Number o f  cases  

31-39 days 6  

28-37 days 

28-33 days 

31-36 days 1 



l a r g e  numbers of  eggs. Preda t ion  by o t h e r  b i r d s ,  mostly 

glaucous g u l l s  and r avens ,  w a s  a  second major cause of  egg 

l o s s .  k number of  minor f a c t o r s  were a l s o  r e spons ib l e  f o r  

some m o r t a l i t y ,  i n c l u d i n g  p reda t i on  by foxes  and p o s s i b l y  

wease l s ,  h igh winds,  f a l l i n g  o f  eggs i n t o  c r e v i c e s  r e s u l t i n g  

i n  damage t o  t h e  egg o r  i n a b i l i t y  o f  t he  a d u l t  t o  i ncuba t e  

them. High waves d u r i n g  s torms washed eggs from low l edges  

i n  c e r t a i n  l o c a l i z e d  a r e a s ,  b u t  s i n c e  most murres do n o t  n e s t  

below 30 f e e t ,  t h i s  l o s s  was probably smal l .  The diminished 

l o s s  i n  1961 was probably due t o  l e s s  a i r p l a n e  t r a f f i c  nea r  

t h e  c l i f f s  e a r l y  i n  t h e  incuba t ion  per iod.  

Eggs l o s t  through f a l l s  o r  p r eda t i on ,  o r  by removal by 

humans, were o f t e n  r ep l aced  by t h e  b i r d s ,  e s p e c i a l l y  i f  t h e  

l o s s  occurred soon a f t e r  t h e  i n i t i a l  l ay ing .  Fig. 8 diagrams 

egg replacement on a  l edge  from which eggs were removed by 

Eskimo hunte rs .  On 6 J u l y  a l l  eggs p r e s e n t ,  approximately 87, 

were taken.  New eggs were found on t h e  l edge  du r ing  t h e  

succeeding few days ,  a l though these  probably r ep re sen t ed  some 

i n i t i a l  l ay ings .  The r a t e  of  replacement w a s  g r e a t e s t  between 

1 9  J u l y  and 5 August, i n d i c a t i n g  t h a t  replacement i n  most c a se s  

does no t  occur  u n t i l  about  two weeks a f t e r  l o s s .  S imi l a r  

obse rva t i ons  were made by Uspenski (1956) and Tuck (1960). 

Hatching and Ledge- l i fe  of t h e  Chicks 

The f i r s t  ha t ch ing  of t h i c k - b i l l e d  murres was recorded 

on 11 August i n  1959, on 30 J u l y  i n  1960, and on 27 J u l y  i n  

1961. Common murre ch i cks  were f i r s t  observed on 11 August 

i n  1959 and on 1 August i n  1960. I n  1961 a  s eve re  storm p re -  

vented c e r t a i n  de te rmina t ion  of t he  f i r s t  common murre ha tch ing  

b u t  i t  probably occur red  on 31 July .  P ipp ing  of t h e  eggs w a s  

noted 1-2 days b e f o r e  f i n a l  emergence in s e v e r a l  cases .  



July August 

Figure 8. Replacement by murres of eggs removed 
by-~skimo hunters from ledges at Cape ~ h o r n ~ s o n  on 
6 J u l y ,  1960 



Hatching cont inued i n  a l l  t h r e e  y e a r s  through t h e  f i r s t  week 

of September. Many of t h e s e  l a t e  ha tch ings  were t h e  r e s u l t  

of replacement l a y i n g s  by a d u l t s  which had l o s t  eggs. The 

peak of  ha tch ing  occur red  du r ing  about 1 0  days (Fig .  9). 

A t  ha tch ing  t h e  ch i ck  i s  covered w i th  a t h i c k  coa t  of 

down, and i t  i s  a b l e  t o  move s h o r t  d i s t a n c e s  soon a f t e r  hatching.  

Mor t a l i t y  is h igh  du r ing  t h e  f i r s t  few days a f t e r  ha tch ing  due 

t o  f a l l i n g  of  ch i cks  from t h e  n e s t  ledges .  

Both p a r e n t s  f eed  and brood t h e  chick.  The ch ick  is n o t  

normally l e f t  unat tended except f o r  b r i e f  p e r i o d s  when t h e  

ch i ck  i s  n e a r i n g  t h e  age of depa r tu r e  from t h e  l edges .  Whole 

f i s h  were f ed  t o  t h e  c h i c k s ,  and,  i n  a l l  c a s e s  observed,  on ly  

a  s i n g l e  f i s h  was brought  t o  t h e  ch ick  a t  one time. 

Chicks remained on t h e  l e d g e s  approximately t h r e e  weeks. 

The l e n g t h  of t h i s  p e r i o d  was determined f o r  a  number of marked 

ch i cks ,  and was between 1 9  and 25 days f o r  t h e  t h i c k - b i l l e d  

murre. Two common murre ch i cks  remained on t h e  l edges  f o r  a t  

l e a s t  f ou r  weeks, sugges t i ng  a somewhat l onge r  pe r iod  of 

occupat ion f o r  t h i s  s p e c i e s .  Data from the se  marked ch icks  

a r e  summarized i n  Table 7. 

Departure of Chicks from t h e  C l i f f s  

Murre ch i cks  l e a v e  t h e  l e d g e s  a t  a  r e l a t i v e l y  e a r l y  s t a g e  

of development. The down f e a t h e r s  have no t  been completely 

r ep l aced  by contour  f e a t h e r s ,  and t h e  primary f e a t h e r s  of t h e  

wing a r e  s t i l l  incomple te ly  developed. Although no a t tempt  

was made t o  fo l low t h e  development of t h e  ch i cks  i n  d e t a i l ,  

measurements and weigh ts  were obta ined from a number of  ch i cks  

c o l l e c t e d  i n  t h e  p r o c e s s  of  l e a v i n g  t h e  l edges  (Table 8). 
Common murre ch i cks  showed heav i e r  average weights  and g r e a t e r  

development of t h e  pr imary f e a t h e r s  a t  t h e  t ime of f ledging.  



July Bugus t September 

Figure 9. Percentage of eggs of th i ck -b i l l ed  and common 
murres hatched on mapped p l o t  from l a t e  Ju ly  to  e a r l y  
September, 1960, at Cape Thompson 



TABLE 7. Duration of  l edge  occupat ion by marked murre ch icks  
a t  Cape Thompson dur ing  t h e  summer of 1960 

Spec ies  Length o f  occupat ion Number of  c a s e s  

20-23 days 
Thick-b i l l ed  22-23 days 
murre 22-24 days 

22-25 days 
19-24 days 

Common murre 20-23 days 
28+ days 



TABLE 8. Average weights and measurements of thick-billed 
and common murre chicks collected while leaving 
ledges at Cape Thompson during the late summer 
of 1960 

Species No. Weight ' Culmen Nostril . Tarsus Length of 
( grams (mm) to bill- (mm) 5a primary 

tip (mm) (mm) 
- 

Thick-billed 
murre 6 121.5 18.4 13. 5 31.1 27.7 

Common 
inurre 4 179.9 19.5 14.6 32- 9 34.6 

* length out of sheath 



The g r e a t e r  weight of common murres when e n t e r i n g  t h e  

wate r  may be r e l a t e d  t o  t h e  l onge r  pe r iod  of c l i f f  occupation 

o f  ch i cks  o f  t h i s  s p e c i e s  ( s e e  - prev ious  s e c t i o n ) .  Uspenski 

(1956) ha s  noted similar d i f f e r e n c e s  i n  weights o f  ch icks  of 

t h e  two s p e c i e s ,  and he s t a t e s  t h a t  cons iderab le  v a r i a t i o n  i n  

weight a t  depa r tu r e  i s  shown i n  d i f f e r e n t  l o c a l i t i e s .  Tuck 

(1960) comments s i m i l a r l y  on t h e  l a t t e r  p o i n t  and b e l i e v e s  

t h a t  d i f f e r e n c e s  i n  c l ima te  and r e s u l t i n g  v a r i a t i o n  i n  d ive r s ion  

of  energy t o  the rmoregula t ion  may be t h e  cause. Both au tho r s  

i n d i c a t e  t h a t  ch i cks  tend t o  l o s e  weight dur ing  t h e  few days 

p reced ing  depar tu re .  Although d e t a i l e d  data were no t  obta ined 

on t h i s  p o i n t  a t  Cape Thompson, i t  should be noted t h a t  a  t h i ck -  

b i l l e d  murre ch ick  c o l l e c t e d  from a  l edge  on 1 9  August 1960, 

weighed 183.1 grams, which w a s  we l l  above t h e  average f o r  

d e p a r t i n g  ch i cks  of t h e  s p e c i e s  ( s e e  Table 8). Pennycuick - 
(1956) d i d  no t  observe any decrease  i n  feed ing  r a t e  of t h i ck -  

b i l l e d  murre ch i cks  p reced ing  depar tu re .  

I n  1959 depa r tu r e  of t h i c k - b i l l e d  murre ch i cks  was f i r s t  

no ted  on 25 August, i n  1960 on 18 August, and i n  1961 on 19 
August. The f i r s t  common murre chick depa r tu r e  w a s  noted on 

26 August i n  1960 and on 24 August i n  1961, though i t  i s  

probable  t h a t  some d e p a r t u r e s  took p l a c e  be fo re  t h e s e  da t e s .  

Depar ture  of  murres cont inued a t  l e a s t  through 7  September i n  

1959 when t h e  f i e l d  p a r t y  l e f t .  I n  1960 t h e  l a s t  ch icks  were 

seen  on 17 September. Adul ts  of bo th  s p e c i e s  were observed a s  

l a t e  a s  23  September 1960 and i t  is  probable  t h a t  t he se  b i r d s  

were t end ing  ch i cks  u n t i l  t h i s  date .  Though d e t a i l e d  l a t e - s ea son  

d a t a  could no t  be ga thered  i n  1961, counts  of  a d u l t  murres on 

t h e  c l i f f s  i n d i c a t e d  t h a t  a t  l e a s t  some ch i cks  were 'prhbably 

s t i l l  p r e s e n t  on 1 7  September. (See Fig. 1 0  f o r  t h e  p a t t e r n  of 

ch i ck  depa r tu r e  i n  1960.) 

Depar tu res  took p l a c e  i n  g r e a t e s t  numbers i n  t h e  evening 

hours ,  t y p i c a l l y  between about 1800 and 2300 hours Bering 

S tandard  Time, r each ing  a  peak a t  about 2100 t o  2200 hours.  It 

seemed p o s s i b l e  t h a t  t h e  plunge of t h e  ch i cks  from the  l edges  



August September 

Figure PO. Average number of  murre chick departures  per  day on 
mapped p l o t s  during l a t e  August and e a r l y  September, 1960, a t  Cape 
Thompson 



might be correlated with diminishing light intensity. Chicks 

were captured, banded, and counted as they departed on 21 and ' 

23 August 1960, and on 25, 26, and 30 August 1961. These data 

were plotted against readings of light intensity taken with a 

Weston Master I11 light meter (see - Fig. 11). The aggregate of 

these observations, however, do not clearly demonstrate that 

diminishing light intensity triggers departure, since departure 

on cloudy days begins at about the same clock hour and follows 

essentially the same pattern as it does on clear days. Further, 

departure seems to occur in greater numbers on clear evenings. 

The advent of dawn does not produce a significant increase in 

departures. 

The actual departure of chicks has been discussed by a 

number of observers (Perry, 1940; Kay, 1947; Keighly and Lockley, 
1948 ; Pennycuick, 1956; Uspenski, 1956; Tschantz, 1959 ; Tuck, 
1960) and will not be described here. 

Mortality of chicks during departure from ledges was high. 

The chicks are protected by a heavy pad of feathers on the 

breast, and although most birds landing on the beach were unin- 

jured, some chicks died of injuries sustained when they struck 

the beach in areas of loose, angular rock. Probably the greatest 

cause of mortality, however, was failure of the chicks to 

become reunited with adults. This was most noticeable in cliff 

areas where many of the chicks were unable to fly directly into 

the water, and thus became separated from adults. These chicks 

frequently returned to shore in a weakened condition or died 

in the water and were washed ashore. Some mortality was 

apparently due to premature departure from the cliffs. 
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Breeding Success 

No completely r e l i a b l e  d a t a  mere obtained on breeding success  

of murres s i n c e  human in t e r fe rence ,  p r imar i ly  by Eskimo egging 

p a r t i e s ,  occurred on the  murre p l o t s  every year. Egg mor ta l i ty  

(des t ruc t ion  o r  l o s s  of the  o r i g i n a l  egg) i n  1961 w a s  36.9 p e r  

cent  of 83 eggs on one p l o t  i n  Colony 3 and 26.8 pe r  cent  of 

100 eggs on one p l o t  i n  Colony 4. On e igh t  p l o t s  which were 

egged, m o r t a l i t y  of the  replacement eggs was 51.4 per  cent  of 

29 eggs on one p l o t  i n  Colony 4 and 28.7 pe r  cent  of seven p l o t s  

i n  Colony 3. No good d a t a  were obtained on hatching success  

o r  f ledging  success.  

Mor ta l i ty  of a d u l t  murres was pr imar i ly  t raceable  t o  rock 

f a l l s .  Because of the  varying s t a b i l i t y  of the rocks,  mor ta l i ty  

va r i ed  from colony t o  colony. I n  1960 all dead o r  in ju red  murres 

along the  beach below Colony 5 nere counted and removed a t  

i n t e r v a l s  from 1 2  June t o  7 September. Due t o  scavenging by 

glaucous g u l l s ,  heads nere f requent ly  separa ted  from the bodies,  

s o  sepa ra t e  t a l l i e s  were made. I n  1960 a  t o t a l  of 439 i d e n t i -  

f i a b l e  ind iv idua l  th i ck -b i l l ed  murres and 36 common murres were 

found on t h e  beach of Colony 5. The cont r ibut ing  populat ion 

according t o  the  1960 census was 208,000. These mor ta l i ty  d a t a  

do not  r ep resen t  the  t o t a l  rock- fa l l  mor ta l i ty ,  s ince  many, 

perhaps most, i n j u r e d  b i r d s  succeed i n  reaching the  water and 

s w i m  ou t  t o  s e a  t o  d i e  l a t e r .  Some of these u l t ima te ly  a r e  blown 

back t o  land  but  t o  widely s c a t t e r e d  loca t ions .  Also, many b i r d s  

d ied  e a r l i e r  than 1 2  June; p r i o r  t o  t h i s  da te ,  many widely 

s c a t t e r e d  carcasses  which could not  be counted were seen on the 

i c e .  These ca rcasses  mostly went t o  s e a  with the i c e  i n  e a r l y  

Ju ly .  It should be noted t h a t  Colony 5 is s i t u a t e d  on the  most 

uns table  c l i f f s ,  and m o r t a l i t y  as judged by carcasses  on the  



beach w a s  muchehigher he re  than i n  t h e  o the r  colonies .  

Although the  Colony 5 beach w a s  no t  p a t r o l l e d  r e g u l a r l y  i n  

1961, i t  w a s  c l e a r  t h a t  m o r t a l i t y  from rock f a l l s  w a s  cons iderab ly  

lower than  i n  t he  prev ious  year ,  probably due t o  l e s s  wind and r a i n  

on the  c l i f f s  which i n  t u r n  d i r e c t l y  i n f luence  rock f a l l s .  

Mor t a l i t y  of ch icks  m a s  judged i n  the  same nay and i n  1960 

2,962 were counted u n t i l  7 September. Chicks of the  two s p e c i e s  

of murres mere n o t  d i f f e r e n t i a t e d .  Most of t hese  dea ths  r ep re sen ted  

b i r d s  which were apparen t ly  o l d  enough t o  have s u c c e s s f u l l y  gone 

t o  s e a  b u t  which d ied  i n  t he  a t tempt .  

Mor t a l i t y  of both a d u l t s  and young is  a l s o  caused by f a c t o r s  

o t h e r  than  rock f a l l s .  Eagles ,  gyr fa lcons ,  and pe reg r ine  f a l c o n s  

p rey  on a d u l t  murres. The young as wel l  as t h e  eggs of  murres 

f u r n i s h  t h e  primary i t ems  i n  t he  d i e t  of glaucous g u l l s  dur ing  

t h e  egg and ch ick  season. Ravens prey  on eggs and young. It is  

l i k e l y  t h a t  foxes  and r teasels  prey,  on eggs and young, though t h i s  

w a s  no t  d i r e c t l y  observed. 

B l a c k - l e g ~ e d  Kitt iwake 

Weights and Measurements 

Measurements of culmen l eng th ,  d i s t ance  between n o s t r i l  and 

b i l l  t i p ,  wing l e n g t h  ( f l a t t e n e d ) ,  and t a r s u s  l e n g t h  were taken 

on a l l  a d u l t  b i r d s  co l l ec t ed .  These a r e  summarized i n  Table 9. 
Average va lues  f o r  t hese  measurements were i n  a l l  ca ses  s i g n i f i -  

c a n t l y  g r e a t e r  (0.01 l e v e l )  i n  males than i n  females. These 

d i f f e r e n c e s ,  a long  wi th  t he  g r e a t e r  average weight of males ( s ee  - 
below) i n d i c a t e  a  s l i g h t  s exua l  dimorphism i n  body s i z e  i n  

k i t t iwakes .  Ranges of a l l  of these  measurements, however, showed 

a high degree of  over lap ,  a n d . i t  was t h e r e f o r e  no t  p o s s i b l e  t o  

use  them i n  sex ing  l i v e  b i rds .  

Coulson and White (1958a) have noted a s i m i l a r  d i f f e r e n c e  



TABLE 9. External measurements ( i n  mill imeters) of black-legged 
kitt iwakes co l l ec ted  a t  Cape Thompson colonies  during 
1960 

Number + 
Measurement Sex Measured Mean - S t .  Error Range 

d 

Culmen 9  
d + 9  

Nostr i l  to  9 
B i l l -  t i p  d + 9  

Wing Length 9  
( f lat tened)  d + 9  

d 

Tarsus 9  
d + 9  



4.5 
i n  wing l e n g t h  of  b i r d s  i n  Great  B r i t a i n .  A t o t a l  of 26 males 

and 20 females  gave average wing l e n g t h s  o f  305.5 and 296.9 mm, 

r e s p e c t i v e l y .  These workers a l s o  r e p o r t  t h a t  measurements of  - 

wing l e n g t h  of t e n  b i r d s  of  each s e x  i n  t h e  B r i t i s h  Museum gave 

v a l u e s  of  307 mm f o r  males and 298 mm f o r  females. The d i f f e r e n c e  

i n  magnitude between t h e  measurements of t h e s e  workers and t h o s e  

i n  t h e  pre:,.;-nt s t u d y  may i n  p a r t  be due t o  d i f f e r e n c e s  i n  t h e  

t echn ique  of  t a k i n g  t h e  measurement. 

Weights were t aken  on a l l  a d u l t  k i t t i w a k e s  co l l ec t ed .  These 

a r e  summarized by s e x e s  f o r  bi-weekly p e r i o d s  and f o r  t h e  summer 

as a whole i n  Table  1 0 ,  and a r e  shown g r a p h i c a l l y  i n  Fig. 12. 

I n  males t h e  l owes t  average weight was recorded i n  l a t e  May, 

s h o r t l y  a f t e r  t h e  b i r d s  f i r s t  a r r i v e d  a t  t h e  c l i f f s  (441.2 grams 

f o r  t h r e e  b i r d s ) .  Weights o f  males then  i nc r ea sed  t o  n e a r  500 
grams and remained h igh  through t h e  summer and a t  l e a s t  i n t o  

September (Fig .  1 2 ) .  The p a t t e r n  was somewhat d i f f e r e n t  i n  

females. During May and e a r l y  June weigh ts  averaged about  420 

grams, w e l l  below t h e  average f o r  t h e  e n t i r e  summer. During l a t e  

June weigh ts  i n c r e a s e d  t o  about  474 grams. A f t e r  t h i s  p e r i o d  

they  dec l ined  and remained below average f o r  most of t h e  r e s t  of 

t h e  summer pe r iod .  I n  October two females taken averaged 376.6 

grams as compared t o  t h e  weight of 532.8 grams f o r  one male 

t aken  a t  t h e  same time. P a r t  of t h e  l o s s  i n  weight du r ing  e a r l y  

J u l y  may w e l l  have r ep re sen t ed  l o s s e s  connected wi th  egg-laying. 

The cont inued low weight  may be c o r r e l a t e d  wi th  t h e  obse rva t i on  

t h a t  females spend more t ime i n  i ncuba t i on  than do males ( s e e  - 
below). 

For t h e  summer as a whole, males averaged 489.1 grams wh i l e  

females  averaged on ly  442.9 grams. Th i s  d i f f e r e n c e  is  s i g n i f i c a n t  

(0.01 l e v e l )  and f u r t h e r  emphasizes t h e  d i f f e r e n c e  i n  s i z e  of  t h e  

sexes .  



TABU 10. Average weights  i n  grams o f  a d u l t  male and female 
black-legged k i t t i w a k e s  throughout t h e  summer of 1960 
a t  Cape Thompson c o l o n i e s  

Number + 
Sex Per iod  Weighed Av. W t .  - S t .  E r ro r  Range 

May 
June 1-15 
June 16-30 
Ju ly  1-15 

Males J u l y 1 6 - 3 1  
Aug. 1-15 
~ u g .  16-31 
Sept.  1-15 
Sept.  16-30 
act. 1-15 

T o t a l  Summer 

May 
June 1-15 
June 16-30 
J u l y  1-15 

Females Ju ly  16-31 
Aug. 1-15 
Aug. 16-31 
Sept .  1-15 
Sept .  16-30 
Oct. 1-15 

To ta l  Summer 

~ - - ~- ~ - 

A l l  B i rd s  Summer 97 468.1 - 4.7 371.5-58500 + 



Figure 12. Average weights of a d u l t  male and female black-legged 

k i t t iwakes  a t  Cape Thompson colonies  during summer of 1960 



Plumage and Molt 

For a complete d e s c r i p t i o n  of  t he  sequence of  mol t s  and 

plumages of t h e  black-legged k i t t i w a k e ,  t h e  r e a d e r  i s  r e f e r r e d  

t o  Gabrie lson and Lincoln  (1959) o r  Witherby, e t  al-. (1941). 

A l l  a d u l t  b i r d s  were i n  f u l l  b reed ing  plumage upon a r r i v a l  

a t  t h e  c l i f f s  i n  l a t e  May. This  plumage was r e t a i n e d  throughout 

t h e  summer. The p o s t - n u p t i a l  molt appa ren t l y  began i n  Cape 

Thompson b i r d s  about  25 August 1960 o r  s h o r t l y  before .  On t h i s  

d a t e  f o u r  males and t h r e e  females were found t o  be i n  va r ious  

s t a g e s  of  f e a t h e r  replacement.  A l l  showed some replacement of 

con tour  f e a t h e r s ,  and two of  them were i n  t h e  p roces s  of  r e p l a c i n g  

one o r  two of t h e  primary wing f e a t h e r s .  Three i n d i v i d u a l s  

c o l l e c t e d  on 26 August a l s o  showed contour f e a t h e r  replacement.  

The pos t -nup t i a l  molt  apparen t ly  cont inued i n t o  October i n  a t  

l e a s t  some i n d i v i d u a l s .  On 2 October one was no ted  t o  be i n  t h e  

p r o c e s s  o f  r e p l a c i n g  t h e  primary wing f e a t h e r s ,  whi le  a second 

had appa ren t l y  completed t h i s  replacement.  k male c o l l e c t e d  on 

7 October showed evidence o f  mol t ,  but  w a s  probably a  non-breeding 

b i r d  (second summer b i r d ) .  

Winter Range and Spr ing  Migration 

The w i n t e r  range of t h i s  s p e c i e s  is  poor ly  known s i n c e  t h e  

b i r d s  a r e  p r i m a r i l y  p e l a g i c  dur ing  t he  non-breeding season.  

S c a t t e r e d  w in t e r  r e c o r d s  suggest  t h a t  Alaskan b i r d s  w i n t e r  a t  

s e a  from t h e  A leu t i ans  southward (Gabrie lson and Lincoln ,  1959).  

It is appa ren t l y  a  common win t e r  v i s i t o r  o f f  t h e  c o a s t s  of . 

Washington and Oregon, and more r a r e l y ,  o f f  C a l i f o r n i a  ( i b i d . ) .  

Shuntov (1961) observed l a r g e  numbers of  black-legged k i t t i w a k e s  

i n  B r i s t o l  Bay and d e s c r i b e s  the  d i s t r i b u t i o n  and movements of  

t h e s e  b i r d s .  A s  i n  t h e  ca se  of murres,  i t  i s  p o s s i b l e  t h a t  Cape 

Thompson b i r d s  a r e  r ep re sen t ed ,  though none of t h e  l a r g e  f l i g h t s  



d e s c r i b e d  by ' shun tov  seem l i k e l y  t o  have been headed n o r t h  of  t h e  

Ber ing  S t r a i t .  

K i t t i w a k e s  were f i r s t  s e e n  a t  t h e  c l i f f s  on 18 June i n  1959, 

b u t  may have been p r e s e n t  i n  t h e  a r e a  on my a r r i v a l  on 16 June. 

I n  1960 they  a r r i v e d  on 25 May and i n  1961 on 22 May. 

Pre-Nesting P e r i o d  of  C l i f f  Occupation 

I n  1960 a good o p p o r t u n i t y  f o r  o f f s h o r e  o b s e r v a t i o n  occurred.  

On 2 1  May two l a r g e  f l o c k s  o f  k i t t i w a k e s  were s e e n  from a plane 

on an a r e a  of open w a t e r  c l o s e  t o  t h e  c l i f f s .  Other  l a r g e  f l o c k s  

were seen  on t h e  same day i n  an  open l e a d  about  15 m i l e s  o f f s h o r e  

from t h e  c l i f f s .  Apparent ly  few, i f  any, o f  t h e  i n d i v i d u a l s  

n o t e d  on 2 1  May were a c t u a l l y  occupying t h e  c l i f f  l e d g e s .  No 

k i t t i w a k e s  were seen  from 22 t o  24 May b u t  on 25 May l a r g e  

numbers were n o t e d  occupying t h e  n e s t i n g  l edges .  Thus, i n  1960 

l a r g e  numbers o f  i n d i v i d u a l s  a p p a r e n t l y  a r r i v e d  i n  t h e  a r e a  on 

2 1  May o r  s h o r t l y  b e f o r e ,  and w i t h i n  a  few days began occupying 

t h e  c l i f f  l edges .  

T h i s  p a t t e r n  o f  a r r i v a l  a p p a r e n t l y  d i f f e r s  w i t h  geography 

and i n  d i f f e r e n t  y e a r s  i n  t h e  same a rea .  Uspenski (1956) s t a t e s  

t h a t  k i t t i w a k e s  appear  a l o n g  t h e  c o a s t s  of  Novaya Zemlya i n  

f l o c k s  l o n g  b e f o r e  t h e y  occupy t h e  a c t u a l  c o l o n i e s .  Between 

1948 and 1950 he  found t h a t  a r r i v a l  on t h e  c o a s t s  occurred 

abou t  two months b e f o r e  l a y i n g  began. It was a l s o  no ted  t h a t  

on Novaya Zemlya t h e  l e d g e s  a r e  o f t e n  covered w i t h  snow a t  t h e  

t ime of t h e  a r r i v a l  o f  t h e  b i r d s ,  and t h a t  l e d g e  occupa t ion  

does  n o t  occur  u n t i l  t h e s e  a r e a s  mel t  f r e e .  Witherby, e t  a l .  

(1941) s t a t e  t h a t  n e s t i n g  c l i f f s  i n  t h e  B r i t i s h  I s l e s  a r e  

v i s i t e d  b e g i n n i n g  i n  l a t e  February  t o  t h e  second week i n  March, 

b u t  t h a t  t h e  b i r d s  do n o t  I t s e t t l e  i n t '  u n t i l  l a t e  March o r  mid- 

A p r i l .  Cul len  (1957) ,  working i n  t h e  Farne I s l a n d s  i n  England, 

s t a t e s  t h a t  males  occupy t h e  n e s t i n g  l e d g e s  immediately a f t e r  
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a r r i v a l  from t h e i r  vrinter q u a r t e r s ,  an observa t ion  similar t o  t h a t  

i n  the  p r e s e n t  s tudy.  

A t  Cape Thompson t h e  s t a b l e  zone of s e a  i c e  immediately o f f  

the  c l i f f s  may discourage c lo se  approach to  shore  u n t i l  open ho le s  

appear. Hence, v a r i a b i l i t y  i n  s e a  i c e  cond i t i ons  nay be the  

dominant f a c t o r  here .  

The pre-nes t ing  p e r i o d  of c l i f f  occupation l a s t e d  u n t i l  25 June 

i n  1959, 13 June i n  1960,and 18 June i n  1961 when vigorous nes t -  

bu i ld ing  beg=. From a r r i v a l  t o  i n i t i a t i o n  of nes t -bu i ld ing  t h e  

b i r d s  were occupied wi th  p a i r i n g  and n e s t  s i t e  s e l e c t i o n .  

Uspenski (1955), however, s t a t e s  t h a t  i n  Novaya Zemlya t h e  b i r d s  

begin  t o  b u i l d  o r  r e p a i r  n e s t s  immediately a f t e r  the  f i r s t  occu- 

p a t i o n  of t he  n e s t  s i t e s .  

A s t r o n g  development of colony and n e s t - s i t e  t e n a c i t y  has  been 

shown f o r  t h i s  s p e c i e s  by o the r  workers. I n  t h e  B r i t i s h  I s l e s ,  

Coulson and White (1958ai have shown t h a t  breeding b i r d s  almost 

always r e t u r n  t o  the  same colony to  breed i n  subsequent years .  

Bi rds  marked a s  non-breeders (ch icks  and second summer b i r d s )  

showed a  lower degree of colony t e n a c i t y ,  bu t  even with  these  

i n d i v i d u a l s  the  ma jo r i t y  r e tu rned  t o  t he  n a t a l  colony t o  breed. 

Nes t - s i te  t e n a c i t y  i s  well-developed among breeding ind iv idua l s .  

Out of 66 breeding b i r d s  banded i n  one year ,  Coulson and White ( i b i d . )  

found t h a t  only 23 changed the  n e s t  l o c a t i o n  i n  the  fol lowing breeding 

season. They a l s o  found t h a t  t h i s  n e s t - s i t e  t e n a c i t y  i nc reased  wi th  

t he  number of seasons t h a t  an i n d i v i d u a l  had bred. 

P a i r i n g  i s  accomplished during t h e  pre-nest ing per iod  c h i e f l y  

through an a d v e r t i s i n g  d i s p l a y  of t h e  male (Cul len,  1957). Males 

occupy the  ledges  f i r s t  and a d v e r t i s e  with  t he  "chokingt1 d i sp l ay ,  

a  behavior p a t t e r n  found i n  many g u l l s .  I n . t h e  k i t t iwakes  this 

d i s p l a y  is  unique i n  s e r v i n g  the  func t ion  of advertisement.  A 

complete d i scuss ion  of t h e  na tu re ,  func t ion ,  and o r i g i n  of t h i s  

d i s p l a y  i s  given by Cul len (1957). 
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While the males a r e  occupying the  ledges,  females which a r e  

unpaired congregate i n  groups near  the  nes t ing  areas  (Cullen, i b id . ) .  

A t  Cape Thompson i n d i v i d u a l s  (presumably unpaired females) u t i l i z e d .  

pools  of viater near t h e  c l i f f s  and the narrow s t r i p  of open water 

along the shore a t  the  base of the c l i f f s .  

A t  Cape Thompson the  formation of the  p a i r  bond occurred i n  

most ind iv idua l s  soon a f t e r  a r r i v a l .  Copulations were f i r s t  noted 

i n  1960 on 2 June and i n  1961 on 1 2  June. Copulations were observed 

f r equen t ly  from these d a t e s  on. Initial copulat ions were not  

observed i n  1959. Coulson and White (1958a) have noted t h a t  over 

50 p e r  cen t  of the  a d u l t s  breeding f o r  at  l e a s t  the second time 

r e t a i n e d  the  same mate as during the previous season. 

It should be noted t h a t  t h e r e  i s  a l a r g e  v a r i a t i o n  both i n  

a r r i v a l  of ind iv idua l s  of d i f f e r e n t  age groups during the same 

season and i n  the  time of a r r i v a l  of t h e  f i r s t  i nd iv idua l s  a t  a 

colony i n  d i f f e r e n t  seasons.  I n  Northumberland, England, Coulson 

and White (1958a) found t h a t  b i r d s  with previous breeding experience 

a r r i v e d  on the  average on 9 March, those breeding f o r  the f i r s t  

time on 14  Apr i l ,  and non-breeding b i r d s  not u n t i l  4 July.  Thus, 

t he re  may be a spread of over a month i n  the time of a r r i v a l  of 

all the  breeding ind iv idua l s  i n  a given season. 

Var ia t ion  i n  time of a r r i v a l  i n  d i f f e r e n t  years  i s  a l so  g rea t .  

Belopolski (1957) has summarized da te s  of a r r i v a l  over per iods  of yea r s  

i n  colonies  loca ted  i n  the  Barents Sea. A t  t he  Seven Is lands  Preserve 

on the e a s t e r n  Murmansk coas t  over a five-year per iod ,  the f i r s t  

a r r i v a l  var ied  from 5 March t o  22 March. I n  Franz-Joseph Land the 

v a r i a t i o n  over s i x  years  was from 11 Apri l  t o  6 May, and over seven 

years  a t  one l o c a t i o n  on Novaya Zemlya from 1 2  Apr i l  t o  10  May. Annual 

v a r i a t i o n s  i n  a r r i v a l  may the re fo re  vary as much as a month i n  a given 

l o c a l i t y .  

Phenology of Nesting A c t i v i t i e s  

The phenology of nes t ing  a c t i v i t i e s  a t  Cape Thompson is  summarized 

i n  Table 11. Changes i n  the reproduct ive organs and brood patches 

were c o r r e l a t e d  with t h i s  phenological p a t t e r n .  S ize  of t e s t e s ,  

l a r g e s t  ovarian f o l l i c l e ,  and measurements and desc r ip t ions  of the  



TABLE 11. Phenology o f  nes t ing  a c t i v i t i e s  of black-legged 
k i t t iwakes  a t  Cape Thompson, Alaska, 1959-1961 

F i r s t  Building F i r s t  Egg F i r s t  Hatching F i r s t  Fledging 

not observed 22 June 20 J u l y  30 August 

13 June 21 June 17 ~ u l y  20 August 

18 June 25 June 22 J u l y  27 August 
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brood patches were taken on all b i r d s  co l lec ted .  

Data f o r  t e s t i s  volume i n  1960 is  presented i n  Table 1 2  and 

Fig.  13. Development of t e s t e s  had begun i n  b i r d s  co l l ec t ed  i n  

l a t e  May, and m a x i m u m  s i z e  w a s  achieved during the per iod  from 

1 6  t o  30 June. This maximum development was coincident  with the 

time of  i n i t i a t i o n  of l ay ing  by females. Following this per iod  

t h e  t e s t e s  began regress ing ,  and by 16 t o  31 Ju ly  they were below 

t h e  May l e v e l .  Regression t o  the  non-breeding condit ion w a s  

complete by ( a t  l e a s t )  l a t e  September. 

Maximum f o l l i c l e  s i z e  was observed i n  females during the 

per iod  between 1 6  and 30 June, corresponding t o  t h e  time of 

i n i t i a t i o n  of l ay ing  (Table 13, Fig. 13) .  

Brood patches a r e  developed by both sexes.  There a r e  th ree  

sepa ra t e  pa tches ,  two on the a n t e r i o r  l a t e r a l  p a s t s  of the  abdomen 

and one on the  p o s t e r i o r  median p a r t  of the abdomen. 

Development begins with the  l o s s  of dolm on t h e  a p t e r i a l  

p o r t i o n s  of the  a n t e r i o r  patches.  Following this, l o s s  of contour 

f e a t h e r s  occurs. The p o s t e r i o r  pa tch  develops somewhat more slowly 

than t h e  a n t e r i o r  ones. Vascular iza t ion  of the  patches completes 

development. 

Regression begins with t h e  appearance of down and shea ths  

of new contour f e a t h e r s  on t h e  p t e r l a e  and around t h e  edges of 

the  patches.  Down then  completely covers t h e  patch, and new 

contour f e a t h e r s  begin t o  break out of  t h e i r  sheaths .  The contour 

f e a t h e r s  a r e  the  l a s t  t o  develop completely. 

A s c a l e  of s i x  developmental and reg ress iona l  s t a g e s  was 

developed, similar t o  t h a t  f o r  murres, t o  enable  q u a n t i t a t i v e  

eva lua t ion  of changes through the  season: 

Class  0. - No evidence of f ea the r  lo s s .  

Class 1. - P a r t i a l  l o s s  of  down and contour f e a t h e r s  
from a n t e r i o r  patches. 

Class 2. - Complete l o s s  of f e a t h e r s  from a n t e r i o r  
patches,  p a r t i a l  l o s s  from p o s t e r i o r  patch. 

Class 3 .  - Maximum development. 



TABLE 12. Volume of t e s t e s  ( i n  cc . )  of male black-legged kittiwakes 
throughout the summer of 1960 a t  Cape Thompson colonies 

June 1-15 

June 16-30 

July 1-15 

Aug. 1-15 

Sept. 1-15 

~ e p t .  16-30 

Oct .  1-15 

8 

1 

1 

0.03 - 0.01 
+ 

0.01 

0 01 

7 

1 

1 

+ 0.02 - 0.00 

0.01 

0.01 
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Figure 13. Volume of testes, diameter of largest ovarian follicle, 

and development of brood patch of black-legged kittiwakes 

at Cape Thompson colonies during summer of 1960 



TABLE 13. Average diameter (in millimeters) of largest ovarian follicle 
of female black-legged kittiwakes throughout the summer of 
1960 at Cape Thompson colonies 

Ra-0 

- 
5.2-7.8 

2.8-19.2 

3.1-8.0 

2.0-4.0 

- 
1.8-2.3 

1.0-2.1 

- 
1.7-1.9 

Period 

May 

June 1-15 

June 16-30 

J U ~ Y  1-15 

July 16-31 

Aug. 1-15 

Bug. 16-31 

Sept. 1-15 

Sept. 16-30 

0ct. 1-15 

No. 

1 

4 

15 

9 

4 

1 

4 

4 

0 

2 

Av. ~iameterzst. Error 

2 9 

4.6t1.5 

9.8+1.5 

4.720.5 

2.6fo.5 

2 -7 

2.020.1 

1.720.2 

- 
1.820.1 
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Class  4. - Down and sheathed f e a t h e r s  appearing i n  

p t e r y l a e  and around margins of patches .  

Class  5 .  - Patches  completely down covered; contour 
f e a t h e r s  breaking ou t  of sheaths .  

Class  6 .  - No evidence of brood patch.  

Average va lues  ob ta ined  from b i r d s  c o l l e c t e d  throughout the  

summer a r e  given i n  Table 1 4  and Fig.  13. Patches  were absent  

on b i ~ d s  taken through mid-June. Patch development began i n  l a t e  . 

June,  and was maximal dur ing most of Ju ly .  Regression began i n  

l a t e  J u l y ,  and was probably completed dur ing  the last  ha l f  of 

September or  e a r l y  October. 

Nest-building a c t i v i t y  was t y p i c a l l y  g r e a t e s t  dur ing about 

a ten-day per iod ,  beginning i n  the  t h i r d  week of June,  dur ing  

which time f l o c k s  of b i r d s  were f r equen t ly  seen f l y i n g  i n  d e f i n i t e  

f l i g h t  l i n e s  up the r a v i n e s  o r  along the c o a s t  c o l l e c t i n g  mud o r  

vege ta t ion .  Mater ia l  w a s  ga thered  i n  a  r e s t r i c t e d  a rea ,  varying 

i n  s i z e  with  t h e  number of b i r d s  involved. These a r e a s  g radua l ly  

s h i f t e d ,  poss ib ly  as a v a i l a b l e  m a t e r i a l  became exhausted and a s  

progress  i n  cons t ruc t ion  demanded d i f f e r e n t  mater ia l s .  The l o c a t i o n  

of these  ga the r ing  a r e a s  v a r i e d  from near t he  edge o f  t he  c l i f f - t o p  

t o  approximately a h a l f  mile  i n l and .  S c a t t e r e d  i n d i v i d u a l s  were 

engaged i n  nes t -bu i ld ing  a s  l a t e  as two weeks a f t e r  the  main 

cons t ruc t ion  per iod.  

Two major types  of m a t e r i a l  were used i n  n e s t  cons t ruc t ion .  

Mud, mixed with  moss and r o o t l e t s ,  was used i n  forming the base 

of  t h e  nes t .  P l a n t  m a t e r i a l s ,  such a s  g r a s s e s ,  sedges,  and 

herbaceous stems, were added l a t e r .  

The mud is  depos i ted  on the  n e s t  s i t e ,  us ing a l a t e r a l  and 

downward je rk ing  motion of t he  head (Cul len,  1957 1. This .motion 



TABLE 14. Brood patch development of adu l t  male and female black- 
legged k i t t iwakes  throughout t h e  summer of 1960 a t  Cape 
Thompson colonies  (see page 12 f o r  desc r ip t ion  of - 
c l a s s  values)  

Period 

May 

June 1-15 

June 16-30 

J u l y  1-15 

J u l y  16-31 

Aug. 1-15 

A u ~ .  16-31 

Sept. 1-15 

Sept.  16-30 

Oct. 1-15 

Males Females 

No. 

3 

6 

10 

11 

4 

4 

6 

8 

1 

No. 

1 

4 

15 

10 

4 

1 

4 

4 

0 

' Av. Class Value 

0.0 

0.0 

0.6 

2.9 

3-6  

4.0 

5-3 

5.5 

6.0 

Av. Class Value 

0.0 

0.0 

0.2 

2.8 

4.2 

5.0 

5.5 

5.4 

- 

I 
6.0 

1 6.0 
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s e r v e s  t o  expe l  t he  s t i c k y  m a t e r i a l  from t h e  mouth. The mud i s  

then  trampled i n t o  p l a c e  w i th  t he  f e e t .  Trampling may con t inue  

f o r  l ong  p e r i o d s  of time (up t o  an hour o r  more). Following t h e '  

c o n s t r u c t i o n  of a  mud p l a t fo rm,  t h e  p l a n t  m a t e r i a l  i s  added. Th i s  

m a t e r i a l  i s  depos i t ed  u s ing  a  motion s i m i l a r  t o  t h a t  employed i n  

mud d e p o s i t i o n ,  and i s  a l s o  trampled i n t o  p l a c e .  

.The completed n e s t  is  approximately 40-50 cm i n  o u t s i d e  

diameter  and 20-30 cm i n  i n s i d e  diameter .  Nests a r e  f r e q u e n t l y  

b u i l t  on top of o l d e r  n e s t s  s o  t h a t  t he  t o t a l  h e i g h t  o f  a n e s t  

may be 50 cm o r  more. The depth  of t he  cup,  which is well-developed,  

is about 5-10 cm. 

The n e s t  and nes t -bu i l d ing  behavior  of t h i s  s p e c i e s  shows a 

high degree of a d a p t a t i o n  t o  t he  c l i f f - n e s t i n g  h a b i t  (Cul len ,  1957). 

The wel l -cons t ruc ted  n e s t  w i th  i t s  mud and deep cup is  a p p a r e n t l y  

a response t o  p r even t  l o s s  of eggs and young through f a l l s .  

Co r r e l a t ed  vrith t h e  use  of mud, and t h e  more complex n e s t ,  a r e  t h e  

e l a b o r a t i o n  of t h e  head j e rk ing  and t rampling behav ior  p a t t e r n s ,  

which a r e  only  weakly shown i n  o t h e r  g u l l s .  

Laying and Clutch S i z e  

The c l u t c h  s i z e  of k i t t i w a k e s  at  Cape Thompson dur ing  1960 

averaged 1.9 eggs (60 n e s t s ) .  Most c l u t c h e s  con ta ined  2 eggs  

(88 p e r  c e n t ) ;  a few conta ined  on ly  1 egg (10  p e r  c e n t ) ;  and one 

n e s t  m a s  found i n  1960 w i th  t h r e e  eggs. Although no q u a n t i t a t i v e  

d a t a  on c l u t c h  s i z e  were ob ta ined  dur ing  1959, no 3-egg c l u t c h e s  

were noted.  I n  1961, c l u t c h .  s i z e  averaged 1 .76 (29 n e s t s )  w i t h  

79 p e r  cen t  two-egg c l u t c h e s ,  21 p e r  c en t  one-egg c lu t ches .  I t  

appears  t h a t  2  eggs i s  t h e  normal c l u t c h  s i z e  f o r  k i t t i w a k e s  a t  

Cape Thompson. 

Table 15 summarizes c l u t c h  s i z e s  ob ta ined  by t he  p r e s e n t  

workers and by o t h e r  workers on n e s t i n g  c o l o n i e s  i n  t h e  North 



TABLE 15. Clutch size of black-legged kittiwakes in various 
geographical areas 

- . . - . - ---- 

Location 

Cape Thompson, 
Alaska 

Northumberland, 
England 

Novaya Zemlya, 
U.S.S.R. 

Kharlov Is., 
U.S.S.R. 

Farne Islands, 
England 

I Per I Per Per 
Cent 
3-egg 
nests 

Number 
of 

nests 

89 

149 

100 

577 

138 

4-egg Ave. 

1.84 Present Study s 
Cent 
1-egg 
nests 

19.5 

10.1 

12.0 

22.5 

15.2 

0 2.05 Coulson and 
White, 1958b 

0 1.89 Uspenski, 1958 

Cent 
2-egg 
nests 

85.4 

74.5 

87.0 

58.8 

75.4 

0.4 1.96 Belopolski, 
1957 

0 1 .  Cullen, 1957 
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A t l a n t i c  and Baren ts  Sea.  Data from Novaya Zemlga co lon i e s  are most 

similar t o  those  of Cape Thompson. I n  e a s t e r n  Murmansk and i n  t h e  

B r i t i s h  I s l e s ,  3-egg c l u t c h e s  a r e  more common. 

Eggs a r e  a p p a r e n t l y  no t  l a i d  on succes s ive  days. I n  s e v e r a l  

c a s e s ,  a t  l e a s t  a two-day i n t e r v a l  s epa ra t ed  the  l a y i n g  of t he  

f i r s t  and second eggs ,  and i n  one i n s t a n c e  t h i s  i n t e r v a l  at 

1 e a s t . t h r e e  days. I ncuba t i on  beg ins  wi th  t h e  l a y i n g  of t h e  f i r s t  

egg b u t  may no t  be cont inuous u n t i l  t h e  c l u t c h  is completed. 

Uspenski (1956) s t a t e s  t h a t  r e - l ay ing  may occur i f  t h e  f i r s t  

c l u t c h  is  l o s t .  The i n t e r v a l  between l o s s  and r e - l ay ing  i n  fou r  

i n s t a n c e s  was 16 t o  26 days. No re - lay ing  w a s  observed a t  Cape 

Thompson. 

Clu tch  s i z e ,  accord ing  t o  Coulson and White (1958a, 1958b),  

may vary  w i th  the  age and p rev ious  b reed ing  exper ience of the  

b i r d ,  and w i t h  t h e  t ime of year  t h e  c l u t c h  is  l a i d .  They found 

t h a t  females  b r eed ing  f o r  t h e  f i r s t ,  second, and t h i r d  t imes had 

average c l u t c h e s  of 1.83, 2.06, and 2.33 eggs ,  r e s p e c t i v e l y .  I n  

r e l a t i o n  t o  time of l a y i n g ,  t h e  average s i z e  of t h e  c l u t c h  was 

l a r g e s t  du r ing  t h e  e a r l y  p a r t  of t h e  b reed ing  season and s m a l l e s t  

i n  t he  l a t t e r  p a r t .  These two f a c t o r s  are r e l a t e d  i n  t h a t  o l d e r  

b i r d s  t end  t o  b reed  e a r l i e r .  

Incuba t ion  

Both s exes  i ncuba t e  and both  have a well-developed brood 

pa tch .  The n e s t  i s  no t  normally l e f t  unat tended,  though unusual  

d i s t u rbances  may r e s u l t  i n  bo th  p a r e n t s  be ing  absen t  s imul taneous ly .  

Coulson and White (1958a) r e p o r t  t h a t  a l though bo th  a d u l t s  i n c u b a t e ,  

t h e  female spends more t ime on t h e  n e s t  t han  does t he  male. 

The i n c u b a t i o n  p e r i o d  of t h e  eggs of  15 n e s t s  a t  Cape Thompson 

m a s  determined w i t h  a maximum p o s s i b l e  e r r o r  of 3 days. These 

de te rmina t ions  averaged 28.0 days,  and t h e  maximum p o s s i b l e  v a r i a t i o n  
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i n  l e n g t h  of i n c u b a t i o n  was between 25 and 31 days. These va lues  

agree  c l o s e l y  wi th  t hose  of Coulson and White ( l958b) who found an 

average l e n g t h  of 27.3 days ( range  of  25-32 days)  i n  119 n e s t s  i n  

Northumberland, England. These va lues  a r e  summarized i n  Table 16 

a long  wi th  t hose  of o t h e r  The low va lues  of 24 days and 

l e s s  a r e  p robably  i n  e r r o r .  

N e s t l i n g  Per iod  

The ha tch ing  of young i n  two-egg c l u t c h e s  a t  Cape Thompson 

g e n e r a l l y  occurred w i t h i n  two days of each o ther .  I n  one ca se  an 

i n t e r v a l .  of f i v e  days e l apsed  and i n  another  ca se  appa ren t l y  t en  

days e lapsed  between t h e  ha tch ing  of t h e  two chicks .  

The n e s t l i n g s  a r e  conspicuously  co lored ,  being predominantly 

whi te ,  r a t h e r  than  c r y p t i c a l l y  co lored  as with  most o t h e r  g u l l s .  

I n  a d d i t i o n ,  they  show a number of behav io ra l  adap t a t i ons  t o  c l i f f -  

n e s t i n g  (Cul len ,  1957).  The young b i r d s  tend t o  f a c e  the  c l i f f  

wall most of the  t ime and do n o t  engage i n  vigorous  f l i g h t  movements 

as do o t h e r  g u l l s .  

Both p a r e n t s  f e e d  t h e  young. The food given i s  r e g u r g i t a t e d ,  

p a r t l y  d i g e s t e d  m a t e r i a l .  The young k i t t i w a k e s  u s u a l l y  t ake  the  

food d i r e c t l y  from t h e  t h r o a t  of t h e  p a r e n t ,  i n s t e a d  of p ick ing  up 

food depos i t ed  on t h e  ground nearby as i n  most o t h e r  g u l l s .  Feeding 

i s  probably  done about e q u a l l y  by bo th  p a r e n t s  s i n c e  t h e i r  f requency 

a t  t h e  n e s t  du r ing  t h i s  p e r i o d  i s  about the  same (Coulson and White, 

1958a).  

Cul len (1957) has  a l s o  shown t h a t  a d u l t s  do n o t  d i s c r imina t e  

between i n d i v i d u a l  ch i cks  o r  even between number and age of ch icks  

u n t i l  they  a r e  n e a r l y  ready  t o  l e a v e  t h e  n e s t .  I n  t h e  Cape 

Thompson s t u d y ,  ch i cks  were o c c a s i o n a l l y  no ted  t o  move t o  d i f f e r e n t  

n e s t s ,  e s p e c i a l l y  when very young. Severa l  of t he se  ch icks  remained 



TABLE 16. Incuba t ion  p e r i o d  of t h e  black-legged k i t t i w a k e  as 
determined by va r ious  workers 

Aver age Range of 
Number of l e n g t h  de te rmina t ions  

Locat ion obse rva t i ons  (days )  ( days ) Authorf t y  

Northumberland, 
England 

Novaya Zemlya, 
U.  S. S. R. 

Not known 

25-32 
Coulson and 
Uhi te  , l958b 

24-26 Uspenski, 
1956 

21- 24 l'li therby , e  t 
g l .  , 1941 ' 

Cape Thompson, 
Alaska 15 28.0 25-31 P re sen t  s t udy  
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i n  t h e  new n e s t  and apparen t ly  f l edged  s u c c e s s f u l l y .  No evidence 

w a s  no ted  of h o s t i l e  behavior  by a d u l t  b i r d s  t o  t h e s e  f o r e i g n  

ch icks .  A r i g o r o u s  peck o rde r  is ,  however, e s t a b l i s h e d  among ' 

t h e  ch i cks  i n  a n e s t ,  and t h e  movement of a ch ick  t o  a new n e s t  

d i d  r e s u l t  i n  h o s t i l e  behavior  among t h e  ch i cks  du r ing  t h e  

rearrangement of  t h e ,  peck order .  

 h he d u r a t i o n  of t h e  n e s t l i n g  p e r i o d  is  somewhat i n d e f i n i t e ,  

s i n c e  even a f t e r  t h e  young a r e  a b l e  t o  f l y  t hey  w i l l  r e t u r n  t o  t h e  

n e s t  and be f e d  by t h e  a d u l t s .  Coulson and White (1958b) have 

de f ined  t h e  f l e d g l i n g  p e r i o d  as t h e  t ime between ha tch ing  and t h e  

f i n a l  vaca t i ng  of t h e  n e s t  by t h e  young. The l e n g t h  of  t h i s  

p e r i o d ,  as determined by t he se  workers i n  a B r i t i s h  colony, w a s  

42.7 days. Some young f ledged  as e a r l y  as 32 t o  34 days a f t e r  

ha t ch ing  and some as l a t e  as 53 t o  55 days a f t e r  hatching.  

Although t h i s  f l e d g l i n g  p e r i o d  may have b i o l o g i c a l  s i g n i f i c a n c e  

i n  be ing  r e l a t e d  t o  t he  t ime t h a t  t h e  young a r e  a c t u a l l y  ca red  f o r  

by t h e  p a r e n t s  ($bi%.), both t he se  workers '  obse rva t i ons  and 

obse rva t i ons  a t  Ca?e Thompson i n d i c a t e  t h a t  t h e r e  i s  a g r e a t  d e a l  

of v a r i a b i l i t y  i n  t h e  l e n g t h  o f  this per iod.  The l e n g t h  of t ime 

necessary  f o r  the young t o  f l y  s u c c e s s f u l l y  may be  a  s a t i s f a c t o r y ,  

and more uniform, measurement. I n  t h e  p r e s e n t  s t udy  t h e  n e s t l i n g  

p e r i o d  ivas determined as the  time between ha t ch ing  and t h e  f i r s t  

d e p a r t u r e  of t h e  f l e d g l i n g  from t h e  n e s t .  I n  22 n e s t s  a t  Cape 

Thompson where t h e  t i n e  of f i r s t  depa r tu r e  w a s  noted (wi th  a 

maximum e r r o r  of 4 days)  t he  d u r a t i o n  of t h i s .  pe r iod  averaged 44.0 

days. Coulson and Yihite (1958b) i n d i c a t e  t h a t  ve ry  f e w  ch i cks  a r e  

a b l e  t o  f l y  w e l l  be fo re  t h e  36 th  day a f t e r  hatching.  YIitherby, 

e t  a. (1941) s t a t e  t h a t  young a r e  f e d  by t h e  p a r e n t s  f o r  a month 
v 

o r  f i v e  weeks a f t e r  hatching.  Uspenski (1956) s t a t e s  t h a t ,  based 

on t~-JO obse rva t i ons ,  t h e  e n t i r e  p e r i o d  of development i n  t h e  n e s t  
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does n o t  excged 30 t o  32 days. H d  a l s o  n o t e s  t h a t  i n  t he  Seven 

I s l a n d s ,  U. S. S. I?., t h e  d u r a t i o n  of n e s t  occupat ion i s  33 t o  

37 days-  

A t  Cape Thompson i n  1960, observa t ions  were made of a d u l t s  

and ch i cks  occupying n e s t  s i t e s  as l a t e  as 14 October,  which was 

t h e  las t  d a t e  t h a t  a d u l t  b i r d s  were seen  a t  the  c l i f f s .  

A t o t a l  o f  16  f i n a l  depa r tu r e s  of chiclcs from n e s t s  were no ted  

( n i t h  a maximum e r r o r  of 4 days)  at Cape Thompson i n  1960. These 

averaged 53.2 days z f t e r  hatching.  I n  1961, f ou r  such ca se s  n e r e  

observed which averaged 49.5 days. A t  t h e  time obse rva t i ons  of 

b reed ing  b io logy  ne re  d i scon t inued  i n  e a r l y  September 1960, however, 

n ine  n e s t s  were s t i l l  under observa t ion  i n  which t h e  ch i cks  had no t  

depar ted  a f t e r  a t  l e a s t  56.8 days i n  t h e  n e s t .  I n  1961, 5 ch i cks  

had n o t  depar ted  on 23 September a f t e r  an average of 59 days i n  t h e  

n e s t .  The l e n g t h  of  t h e s e  t imes f o r  f i n a l  depa r tu r e  of t h e  young 

i s  much g r e a t e r  than  t h e  value  ob ta ined  by Coulson and White ( l958b)  

and by o t h e r  workers. Thus, i t  appears  t h a t  at Cape Thompson t h e  

young b i r d s  do no t  l e a v e  t h e  n e s t  o r  t h e  n e s t i n g  a r e a  as e a r l y  as 

i n  o t h e r  a r e a s  where t hey  have been s tud i ed .  

Breeding Success 

Breeding succes s  i n  1960 and 1961 i s  t a b u l a t e d  i n  Table 17.  

The d i f f e r e n c e s  ev iden t  i n  c l u t c h  s i z e ,  ha tch ing  succes s ,  and 

f l e d g i n g  s u c c e s s  between t h e  two yea r s  a r e  of unknown o r i g i n ,  

though i n c r e a s e d  p r e d a t i o n  of eggs by glaucous g u l l s  i n  1961 may 

account f o r  t h e  d i f f e r e n c e s  i n  ha tch ing  succes s  and f l e d g i n g  success .  

No causes  f o r  t h e  sma l l e r  average c l u t c h  s i z e  i n  1961 were observed.  

Coulson and l.7hite (1958b) have shown i n c r e a s e s  i n  c l u t c h  s i z e  and 

breed ing  succes s  c o r r e l a t e d  n i t h  breeding exper ience i n  k i t t i w a k e s .  



TABLE 17. Breeding success  of black-legged k i t t iwakes  at Cape 
Thompson, Alaska, 1960 and 1963 

-- - - 

1960 1961 

To ta l  a c t i v e  n e s t s  60 29 

Tota l  eggs l a i d  ( o r i g i n a l )  113 51 

Average c l u t c h  s i z e  1.92 1.876 

Eggs l o s t  before hatching 28 1 6  

Eggs rep laced  1 1 

Hatching success  (pe r  cen t )  75 69 

To ta l  f ledged 73 21 

Breeding success  (per  cen t )  65 41 
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It  is  p o s s i b l e  t h a t  changes i n  t h e  age s t r u c t u r e  of t h e  s tudy  

a r e a  occurred t o  i n f l u e n c e  these  changes, but no d a t a  mere obtained. 

La te  Summer A c t i v i t y  

Af te r  about t h e  middle of J u l y ,  a d u l t  b i r d s  gathered i n  

i n c r e a s i n g  numbers i n  groups on beach a r e a s  o r  on the water near  

t he  nes t ing  c l i f f s .  The f i r s t  of these  groups, composed of about 

40 a d u l t s ,  was noted on 1 2  J u l y  1960. By the end of J u l y  the  

average s i z e  of t h e s e  groups had increased  t o  100-150 b i rds .  By 

13 August these  groups f r equen t ly  contained s e v e r a l  hundred b i rds .  

A s  i n c r e a s i n g  numbers of k i t t iwake  chicks  f ledged during l a t e  

August and September, f l o c k s  of these  young b i r d s  began t o  develop. 

These groups of j uven i l e s  nere  noted on t h e  water near the c l i f f s  

and on dese r t ed  ledge a reas .  On 13 September 1960, a t o t a l  of s i x  

f l o c k s ,  ranging i n  s i z e  from 50 t o  about 1 ,000  b i r d s ,  mere seen 

along the  c l i f f s .  On 25 September a  f l o c k  of about 1,000 f ledged  

young was seen. Although many young a e r e  seen a f t e r  t h i s  da t e ,  no 

o t h e r  l a r g e  f l o c k s  n e r e  seen.  Apparently t h e  bulk of t h e  young 

b i r d s  l e f t  t h e  a r e a  dur ing  t h e  f o u r t h  week of September. The same 

p a t t e r n  p reva i l ed  i n  1961. 

I n  l a t e  September f l o c k s  composed mainly of a d u l t s  predominated. 

Adults and young, however, nere  seen  r e s t i n g  on t h e  c l i f f s  a f t e r  

t h i s  d a t e ,  and some of the  a d u l t s  appeared t o  be sti l l  tending young. 

A per iod  of stormy weather p reva i l ed  between 25 September and 

5 October, 1960, and dur ing  t h i s  p e r i o d  the  f l ocks  of a d u l t s  

disappeared from the  v i c i n i t y  of t he  c l i f f s .  Immediately a f t e r  t h e  

storm, however, a t  l e a s t  some of these  l a r g e  f l ocks  re turned  t o  the  

c l i f f  a r e a  and were p r e s e n t  u n t i l  1 4  October. 

Af t e r  14  October 1960 the  on ly  k i t t iwakes  seen  i n  the  a r e a  

were a smal l  number of young. The number of these  b i r d s  gradua l ly  
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decreased u n t i l ,  on 21 October 1960 when observa t ions  were discon- 

t inued ,  only 31 i n d i v i d u a l s  were seen  along the e n t i r e  l e n g t h  of 

t he  c l i f f s .  Departure of t h e  l a s t  b i r d s  was no t  observed i n  1961. 

Glaucous - Gull  

Weights and Measurements 

and measurements mere ob ta ined  f o r  n ine  f u l l y  a d u l t  

b i r d s  ( e i g h t  males and one female) .  Weights f o r  t h e  males ranged 

from 1,466 t o  1 ,824  grams and averaged 1,617 grams. The one 

female c o l l e c t e d  w a s  a c r i p p l e d  b i r d  and weighed only 1 ,033  grams. 

Two sub-adul t  ( t h i r d  summer) b i r d s ,  one of each sex ,  were co l l ec t ed .  

The weight of t he  female mas no t  obtained;  t h a t  of the  male w a s  

1,553 grams. A t o t a l  of seven f l y i n g  young of t he  year  was 

co l l ec t ed .  Weights taken on s i x  of these  var ied  between 1,156 

and 1,597 grams, and averaged 1 ,307  grams. 

Measurements of e x t e r n a l  f e a t u r e s  and of the  s i z e  of t he  

reproduct ive  organs were taken on most of these  i n d i v i d u a l s  i n  a 

manner s i m i l a r  t o  those  f o r  o the r  spec i e s  (Table 18) .  E x t e r n a l '  

measurements summarized by o t h e r  workers (Witherby, e t  a l . ,  1941; 

Ridggtvay, 1919) i n d i c a t e  t h a t  males a r e  markedly l a r g e r  i n  s i z e  

than  females. 

Winter Range and Ar r iva l  a t  C l i f f s  

This  g u l l  i s  an uncommon win te r ing  s p e c i e s  i n  t h e  Aleut ian 

I s l a n d s  and a  r e g u l a r  win te r  v i s i t o r  along the  coas t s  of Washington, 

Oregon, and C a l i f o r n i a  (Gabrie lson and Lincoln,  1959). A few b i r d s  

applarently win te r  as f a r  n o r t h  as open water i s  a v a i l a b l e ,  a s  

i n d i c a t e d  by s c a t t e r e d  observa t ions  of g u l l s  i n  open l e a d s  a t  



TABLE 18. Weights and measurements of a d u l t ,  sub-adult ,  and 
juveni le  glaucous g u l l s  at Cape Thompson colonies  
during 1960 and 1961 

Number Average Average Average Average Aver age 
Tdeight Culmen N o s t r i l  Wing Tarsus 
(grams (mm) t o  b i l l -  (mm) (mm) 

t i p  (mm) 

Adult 
males 8d 1,617.4 60.0 27.0 458 74.3 

Adult 
females 1 1 , 0 3 3 ~  51-9  23.1 423 68. 0 

Sub- adul  t 
male 1 1,553 69.8 26.8 438 71.0 

Sub- adul  t 
f emaleC 1 b 53.9 25.3 433 64.0 

Juveni le  
males 3 1,402 57.4 24.8 461 70.2 

Juveni le  
femalesC 3 1,212 51.1 19.9 404 66.5 

a Crippled b i r d  found a l i v e  on beach; f o l l i c l e  s i z e  2.1 am. 
b Fresh but  damaged carcass  
c F o l l i c l e  s i z e  l e ss  than 1 mm 
d T e s t i s  volume i n  cc of one male taken 1 June 1960 was: l e f t  

t e s t i s  1.56; r i g h t  t e s t i s  1.13. Average volume i n  cc f o r  s i x  
males taken from 21 August t o  7 September (both 1960 and 1961) 
was: l e f t  t e s t i s  0.66; r i g h t  t e s t i s  0.32. Measurements of one 
were not  obtained. 
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Po in t  Hope during the  win te r  of 1959-60. 

The s p r i n g  migra t ion  and a r r i v a l  of glaucous g u l l s  a t  the  

n e s t i n g  co lon ie s  occurs  e a r l i e r  than  f o r  o ther  c l i f f - n e s t i n g  

spec ies .  I n  1960 the  f i r s t  i n f l u x  of g u l l s  (probably of t h i s  

s p e c i e s )  i n  t h e  Cape Thompson v i c i n i t y  m a s  noted by D. C. Foote 

a t  Po in t  Hope on 19 Apr i l  (June 1960 Sea-Clif f  Birds  Report) .  

L. M. Belson observed four  a t  Po in t  Hope on 20 A p r i l 1 9 6 0 .  

The f i r s t  glaucous g u l l s  i n  1960 ve re  seen at the  nes t ing  c l i f f s  

on 26 A p r i l  when 20 ve re  noted on the  i c e  near  Poin t  Cronbi l l .  

From t h i s  da t e  on, b i r d s  were seen  d a i l y  at this l o c a t i o n  i n  

i n c r e a s i n g  numbers. I n  1961, they f i r s t  a r r i v e d  on 27 Apr i l  and 

aga in  g radua l ly  i nc reased  i n  numbers t o  the  maximum. No marked 

a l t e r n a t i o n  of pe r iods  of presence and absence of b i r d s  a t  t h e  

c l i f f s  s i m i l a r  t o  t h a t  shown by murres was noted. 

Nest and Nest S i t e  

Glaucous g u l l s  u s u a l l y  n e s t  i n  loose  co lonies  varying i n  s i z e  

from a few t o  many p a i r s .  I n  the  p re sen t  s tudy  i n d i v i d u a l  p a i r s  

were occas iona l ly  noted n e s t i n g  i n  i s o l a t e d  s i t u a t i o n s ,  but most 

p a i r s  nes ted  i n  l oose  groups of from th ree  t o  four  p a i r s  t o  t h i r t y  

t o  f o r t y  p a i r s .  

Nests  may be l o c a t e d  i n  a  v a r i e t y  of s i t u a t i o n s ,  i nc lud ing  

s l o p e s  above c l i f f  a r e a s ,  low rocky o r  sandy i s l a n d s ,  and a t  t imes,  

a r e a s  a t  t he  base of c l i f f s  o r  i s o l a t e d  rocky p innac les  (Witherby, 

e t  al., 1941).  A t  Cape Thompson all n e s t s  mere loca t ed  on ledges  

near t he  t op  of t he  c l i f f s  o r  on the  s lopes  above t h e  c l i f f s .  Nests 

were most commonly l o c a t e d  i n  grassy  a r e a s  ( c h i e f l y  Elymus sp . ) .  

The presence of t h i s  g r a s s  i n  t h e  v i c i n i t y  of t he  n e s t  was a s i g n i f i -  

can t  f a c t o r  i n  t h e  concealment of the  young. 

The n e s t  of t h e  glaucous g u l l  is  q u i t e  v a r i a b l e ,  but  i t  i s  

u s u a l l y  bulky. It is cons t ruc ted  of a v a i l a b l e  p l a n t  m a t e r i a l s ,  t h e  

exac t  composition be ing  va r i ab l e .  The n e s t  has  a  a o d e r a t e l y  well-  
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developed cus. . I n  t h e  Cape Thompson a r e a ,  t h e  n e s t s  were cons t ruc t ed  

most ly  of Elymus s tems and l eaves .  

Phenology of Nest ing A c t i v i t y  

L i t t l e  v a r i a t i o n  observed i n  n e s t i n g  phenology .Among 

t h e  thcee  y e a r s  of  s tudy .  The d a t e s  of i n i t i a t i o n  of  ne s t -bu i l d ing  

and egg-laying were n o t  ob t a ined  in 1959 o r  1960. Exanina t ion  of  

t h r e e  eggs taken a t  P o i n t  Crombill  on 5 June 1960, however, i n d i c a t e d  

t h a t  t he se  eggs had been incuba ted  a p p r o e m a t e l y  11 t o  14 days. ~ h u s ,  

t h e s e  eggs ve re  p robably  l a i d  about 25-28 May. If t h e  i ncuba t i on  

pe r iod  of Cape Thompson b i r d s  is  s i m i l a r  t o  t h a t  of  North A t l a n t i c  

b i r d s ,  i n  which t h e  d u r a t i o n  i s  27-28 days (Witherby, e t  al., 19411, 

t h e  f a c t  t h a t  t h e  f i r s t  ha tch ing  occur red  on 1 6  June sugges t s  t h a t  

l a y i n g  began on 20 o r  2 1  .May. I n  1961, ne s t -bu i l d ing  began on 

9 May and egg-laying on about 1 6  May. 

The f i r s t  ha t ch ing  i n  1959 occur red  on 19 June,  and i n  both  

1960 and 1961 t h e  f i r s t  ha t ch ing  w a s  observed on 16 June. I n  a l l  

y e a r s  most of t h e  young hatched dur ing  t h e  last h a l f  of June and 

f l edged  toward t h e  end of Ju ly .  Fledging w a s  complete by mid-August. 

Clutch S i z e  and Incubat ion 

Clu tch  s i z e  w a s  determined i n  50 glaucous g u l l  n e s t s .  I n  t h e s e  

n e s t s  c l u t c h  s i z e  ranged from 1 t o  5 eggs and averaged 2.86 eggs 

(Table 19). Nests  wi th  three-egg c lu t ches  were most common. 

Re-nesting fo l l owing  l o s s  of t h e  f i r s t  c l u t c h  occu r s  at l e a s t  

occas iona l l y .  Re-nesting w a s  observed dur ing  1959 (December 1959 

Sca-Cl i f f  Repor t ) .  I n  1960, one p a i r  cons t ruc ted  a second n e s t  a 

few f e e t  from t h e  f i r s t . a f t e r  t h e i r  ch icks  had been removed by 

Eskimo hun te r s  on 6-7 J u l y ;  t hey  d i d  no t  r e - l ay ,  however. 



TABLE 19. Clutch s i z e  of glaucous g u l l s  nes t ing  at Cape Thompson 
during 1960 

No. No. No. No. No. 
1 -egg .  2-egg 3-egg 4-egg 5-egg Tota l  number Average 
n e s t s  n e s t s  n e s t s  n e s t s  n e s t s  of nes t s  clutch . s i z e  



Nest l ing  L i fe  and Fledging 

I n  c o n t r a s t  t o  the  young of the  k i t t iwake ,  chicks of t h e  

glaucous g u l l s  a r e  p r o t e c t i v e l y  colored,  with a plumage of g ray i sh  

t o  brownish barred f ea the r s .  The young a l s o  e x h i b i t  concealing 

behavior by crouching and remaining motionless at the  approach of 

an observer.  

During the  f i r s t  few days a f t e r  hatching, the  young tend t o  

remain i n  o r  very c lose  t o  the  nes t .  Later  they leave the n e s t ,  

remaining, however, w i th in  the  t e r r i t o r y  and i n  the  immediate 

v i c i n i t y  of the nest .  

During the  n e s t l i n g  per iod  the  young a r e  fed p a r t i a l l y  d iges ted  

food which i s  regurg i t a t ed  by t h e  a d u l t s  onto the ground i n  the  

presence of the  chicks.  

The dura t ion  of the  n e s t l i n g  per iod  i n  1960 i n  two n e s t s  on 

Colony 3 w a s ,  i n  both cases ,  between 42 and 53 days. I n  1961 the 

n e s t l i n g  per iod  f o r  s i x  n e s t s  ranged from about 44 days t o  over 57 

days,  averaging about 50 days. 

Late Summer A c t i v i t i e s  

Throughout the  e a r l y  p a r t  of the  summer, glaucous g u l l s  were 

seen r e g u l a r l y  feeding i n d i v i d u a l l y  o r  i n  s m a l l  groups on murre 

carcasses  and o the r  c a r r i o n  along the beaches near t h e  c l i f f s .  After  

l a t e  Ju ly ,  l a r g e r  l o a f i n g  and feeding aggregations developed. Loafing 

f l o c k s  of 50 to  100 b i r d s  were noted during August on the  water below 

the c l i f f s  and on var ious  beach areas .  I n  l a t e  August and e a r l y  

September, concentrat ions of up t o  200 b i r d s  were seen on t h e  beach 

a t  Colony 5 ,  where the b i r d s  were feeding almost exc lus ive ly  on 

dead, o r  i n  many cases ,  l i v i n g  murre chicks.  

From 10  September t o  27 September, 1960, the number of glaucous 

g u l l s  i n  the  v i c i n i t y  of the  c l i f f s  decreased. During this per iod  



74 

almost all of t h e  adu l t  b i r d s  disappeared. After  about 19 September, 

f l e d g l i n g s  c o n s t i t u t e d  the  bulk of the  glaucous g u l l  population i n  

the  area.  The decrease i n  numbers during this period w a s  c o r r e l a t e d  

n i t h  observat ions of many ind iv idua l  g u l l s  f l y i n g  south along the 

coas t .  On 27 September only t en  f l edg l ings  nere  counted along the  

e n t i r e  c l i f f  area.  

~ r o m  27 September t o  21 October 1960, the  number of b i r d s  

present  f l u c t u a t e d  g r e a t l y .  These f l u c t u a t i o n s  appeared t o  be 

c o r r e l a t e d  a l t e r n a t e  per iods  of f a i r  and stormy weather. 

Betmeen 26 September and 5 October, a  per iod  of stormy weather n i t h  

high south winds p reva i l ed  along the coas t ;  by 3 October the number 

of glaucous g u l l s  on the beach a t  Ogotoruk Creek had increased  to  

approximately 100. These i n d i v i d u a l s  were feeding l a r g e l y  on 

q u a n t i t i e s  of i n v e r t e b r a t e s  and p l a n t  ma te r i a l  mashed upon t h e  beach. 

From 6  October t o  14 October, a f t e r  the storm had diminished, the 

number of g u l l s  again f e l l  t o  l e s s  than ten. From 15 October to  20 

October, a  second period of stormy weather prevai led ,  and by 21 

October t h e  number of b i r d s  had again increased  and about 180 nere 

p resen t  i n  the v i c i n i t y  of Ogotoruk Creek. During these periods 

of inc rease  i n  numbers, t h e  propor t ion  of adu l t  b i r d s  increased 

s l i g h t l y ,  bu t  a d u l t s  nere at a l l  t imes outnumbered by immature b i r d s .  

Observations nere discontinued on 21 October 1960 while l a rge  

numbers of glaucous g u l l s  were sti l l  present .  Some b i r d s  probably 

remain i n  the  a r e a  as long as open water i s  present  along t h e  shore. 

I n  1959 g u l l s  (probably glaucous g u l l s )  nere present  i n  the a rea  on 

15 November and on 2  December. I n  1961 the same general  p a t t e r n  of 

dimunition i n  numbers i n  l a t e  September prevai led .  Observations 

were terminated on 3 October 1961 when glaucous g u l l s  were sti l l  i n  

the  area.  



Breeding Success 

D a t a  on breeding success  a r e  meager. A glaucous g u l l  nes t ing  

a r e a  on Poin t  C r o r ~ b i l l  was r e g u l a r l y  preyed upon by foxes. I n  all 

years  t h i s  a r e a  supported an average of 55 t o  60 nes t s .  Not a s i n g l e  

chick fledged from most of t h i s  a rea  i n  any of the three  years  and 

a t  most only one o r  two from the whole of Poin t  Cronbil l .  Breeding 

success  on p a r t  of a b e t t e r  p ro tec ted  a r e a  on Colony 3 w a s  50 per  

cent  (18 n e s t s )  i n  1961. E s s e n t i a l l y  all of the  production of young 

i n  1961 occurred from Colony 3 (52 n e s t s  i n  a l l ) ,  Colony 2 (20 n e s t s ) ,  

and Colony 5 (16 n e s t s ) .  Nests on Poin t  Crov~bi l l  (60 n e s t s )  and 

Colony 4  ( 2  n e s t s )  f a i l e d .  I f  the f i g u r e  50 pe r  cent  i s  taken as 

t y p i c a l  of n e s t s  on Colonies 2,  3 and 5, and 0 per  cent f o r  those 

on Poin t  Crorrbill and Colony 4 ,  out of a t o t a l  of 150 n e s t s  i n  1961, 

o v e r a l l  breeding success  w a s  29 per  cen t ,  with an approximate y i e l d  

of 126 f l edg l ings .  

Horned P u f f i n  

Weights and Measurements 

Seven male and t e n  female horned puf f ins ,  all  a d u l t s  i n  breeding 

plumage, vere c o l l e c t e d  during the  summer of 1960. Body weights, 

ex te rna l  measurements, and measurements of reproduct ive organs ve re  

taken on a l l  b i r d s  i n  a manner similar t o  t h a t  f o r  other  spec ie s  

(Table 20). Weights and all ex te rna l  measurements averaged somewhat 

g r e a t e r  i n  males than i n  females, bu t  these d i f f e rences  were not 

s t a t i s t i c a l l y  s i g n i f i c a n t .  It was not  poss ib le  to  sex  the adu l t s  

us ing  e x t e r n a l  measurements. 



TABLE 20. Weights and measurements of horned p u f f i n s  c o l l e c t e d  a t  Cape Thompson co lon i e s  du r ing  1960 

N o s t r i l -  Large s t T e s t i s  vol .  
Weight Culmen B i l l  t i p  Wing Tarsus  F o l l i c l e  ( C C >  

Date ( grams > (mm > (mm> (mm> (mm > (mm> L e f t  Right Sex 

Ma1 e 2 5 June 
8 J u l y  

12  J u l y  
27 J U ~ Y  
29 A U ~ .  

l 29 ~ u g .  
6 Sept. 

S t .  E r r o r  
-- 

Female 16 June 
16 June 
16 June 
2 5 June 
26 June 
12 J u l y  
12 J u l y  
24 J u l y  

6 Sept.  
12 Sept.  

S t .  E r r o r  

Mean both  sexes  

S t .  Gr ror  



\ 'linter Range and A r r i v a l  a t  the  C l i f f s  

Gabrie lson and Lincoln (1959) s t a t e  t h a t  horned p u f f i n s  

apparen t ly  win te r  a t  s e a  from the l i m i t  of open water south.  

Shuntov (19611, however, s t a t e s  from h i s  work i n  the  sou theas t e rn  

Bering Sea t h a t  horned p u f f i n s  a r e  found i n  t he  open s e a  only i n  

May and June. Occasional i n d i v i d u a l s  are recorded of f  t h e  c o a s t s  

of Washington, Oregon, and C a l i f o r n i a  (Peterson,  1961).  No r e p o r t s  

of t he  spec i e s  w in te r ing  i n  t h e  v i c i n i t y  of Cape Thompson have been 

received.  

I n  1960 the  f i r s t  horned p u f f i n s  of t he  s p r i n g  i n  t h e  v i c i n i t y  

of Cape Thompson mere seen  on 6  June,  and i n  1961, on 8 June. From 

a r r i v a l  through the  end of June,  varying numbers mere seen  along 

the  c l i f f s .  Occupation of l edges  nea r  nes t ing  c rev ices  apparen t ly  

occurred soon a f t e r  a r r i v a l .  I n  England, occupation of t h e  n e s t i n g  

a r e a  by common p u f f i n s ,  F r a t e r c u l a  a r c t i c a ,  i s  f r equen t ly  preceded 

by a l t e r n a t e  pe r iods  of  presence and absence of t h e  b i r d s  on t h e  

water near  the  n e s t i n g  a rea .  Such a p a t t e r n  of presence and absense,  

i f  p r e sen t  at all, w a s  not  conspicuous a t  Cape Thompson. 

Nest and Nest S i t e  

The n e s t  s i t e s  at  t h e  Cape Thompson c l i f f s  were exc lus ive ly  

n a t u r a l  c r ev i ces  i n  t h e  c l i f f s .  Some of these  c r ev ices  shoved 

evidences of having been enlarged o r  modified by digging but no t r u e  

burrons were noted.  Burrows a r e  a t  times cons t ruc ted  by horned 

p u f f i n s ,  bu t  a r e  apparen t ly  l e s s  commonly used than  a re  n a t u r a l  

c r ev i ces  (Gabrielson and Lincoln,  1959).  Burrow nes t ing  appears t o  

be more common on i s l a n d s  i n  t he  southern  p a r t s  of t h e  breeding range.  

Perhaps the  absence of s i g n i f i c a n t  popula t ions  of o t h e r  c r ev ice  o r  



burrow nes t ing  spec ie s  a t  Cape Thompson, a long n i t h  the r e l a t i v e  

abundance of c revices ,  may account f o r  the absence of burrow n e s t i n g  

i n  t h i s  area.  

No e l abora te  nes t  i s  constructed i n  the  c revice ,  bu t  a l l  n e s t i n g  

crevices  examined contained a t h i n  s c a t t e r i n g  of p l a n t  m a t e r i a l s  over 

the a c t u a l  n e s t  area.  

Egg-laying and Incubat ion 

Although by the  end of t h e  s tudy near ly  a l l  of the horned 

p u f f i n  n e s t s  had been loca ted  (1,0621, f en  of then were access ib le  

f o r  observat ion of the eggs and young. Thi r teen  n e s t s ,  each conta in ing  

a s i n g l e  egg, were access ib le  f o r  observat ion,  e i g h t  i n  1960 and f i v e  

i n  1961. I n  1960 egg-laying apparent ly  began about 25 June; at  t h i s  

time a  female with one ovulated f o l l i c l e  was co l lec ted .  The f i r s t  

n e s t s  with eggs, however, were not loca ted  u n t i l  6 July.  I n  1961, 

two n e s t s  v i t h  one egg each were loca ted  on 8 July.  One of these  

had been empty on 4 J u l y .  A replacement egg w a s  l a i d  i n  another 

n e s t  between 23 and 26 Ju ly .  

The dura t ion  of incuba t ion  was not  determined exac t ly ,  but i n  

one nes t  i t  was a t  l e a s t  38 days (egg f i r s t  noted on 6 J u l y ;  chick 

hatched on 1 2  August). The incubat ion  period of t h e  common p u f f i n  

i n  England i s  about 40 t o  43 days (Lockley, 1953),  and i t  is l i k e l y  

t h a t  the  dura t ion  is similar i n  the horned puff in .  

Nes t l ing  Period 

Only two of the eggs under observat ion i n  each year hatched, 

perhaps because of t h e i r  r e l a t i v e  a c c e s s i b i l i t y  and consequent 

f requent  dis turbance.  I n  all but  one of the  cases  of f a i l u r e  t o  

hatch, the  egg disappeared with no i n d i c a t i o n  of i t s  f a t e .  



The f i r s t  hatching i n  1960 w a s  noted on 1 2  August. The dura t ion  

of t h e  n e s t l i n g  per iod  was determined t o  be between 36 and 42 days 

i n  one case (chick hatched between 17 and 20 August; chick departed 

between 24 and 27 September). This i s  somewhat s h o r t e r  than the 

per iod  of 47 t o  51 days recorded by Lockley (1953) f o r  the common 

puff in .  Observations d i d  not  r e v e a l  whether. the  chick was deser ted  

before leaving  the nes t ,  as is the  case i n  the  common puf f in .  No 

chicks fledged from the  n e s t s  under observa t ion  i n  1961. 

Departure of Adults 

I n  1960 a d u l t s  appeared t o  be present  i n  maximum numbers 

through 20 t o  27 September. During t h i s  pe r iod  many ind iv idua l s  

were noted s i t t i n g  on deser ted  murre ledges  o r  near c revice  

entrances,  suggest ing t h a t  l e s s  time w a s  being spent  i n  care of 

the  young. 

I n  1960 the  a d u l t s  apparent ly l e f t  between 27 September and 

2 October, on which da te  the  l a s t  i nd iv idua l s  mere seen. I n  1961, 

the  las t  observat ions of horned puf f ins  were made on 24 September. 

Pelagic  Cormorant 

I n  1960 the f i r s t  i n d i v i d u a l s  of this spec ie s  were seen on 8 

May, when a f lock  of 18 was seen f l y i n g  along the  coas t  near the 

c l i f f s .  Cormorants were f i r s t  noted occupying the  nes t ing  ledges 

on 26 May. I n  1961 the f i r s t  cormorants mere seen on 21  May. 

On 20 J u l y  1959 a  cormorant n e s t  w a s  found with a c lu tch  of 

two eggs. On 11 August the  n e s t  w a s  found t o  be empty, but  on 

28 August a s i n g l e  egg was presen t ,  i n d i c a t i n g  t h a t  re- laying had 

occurred i n  the same n e s t  a f t e r  l o s s  of the f i r s t  c lu t ch .  



By 13 June 1960 nes t -bui ld ing  a c t i v i t y  mas being c a r r i e d  on by 

most p a i r s .  A s i n g l e  n e s t  on Colony 4 was completed about 15 June, 

I n  this n e s t ,  which was t h e  only n e s t  access ib le  f o r  c lose  observat ion 

i n  1960, the  f i r s t  egg w a s  l a i d  on 18 June. A second w a s  presen t  

on 20 June, and a  t h i r d  w a s  l a i d  on 22 o r  23 June. A pipped egg 

w a s  noted i n  this n e s t  on 18 Ju ly .  On 19 Ju ly  two young had hatched, 

and by 20 J u l y  a l l  th ree  had hatched. The incubat ion  period 

was t he re fo re  27 o r28  days. Fledging occurred between 10 and 13 

September f o r  one young and between 13 and 17  September f o r  the 

remaining two. The dura t ion  of the  f l edg l ing  period was therefore  

between 52 and 60 days. 

I n  1960 fledged young from o t h e r  cormorant n e s t s  were observed 

i n  t h e  water below n e s t s  on 29 August. I n  1959 a n e s t  with near ly  

f ledged young was seen on 17 August; these  young were seen on the  

water a few days l a t e r .  

I n  1961, a completed nes t  was loca ted  on 11 June and on 21  

June, two eggs were p resen t ,  On 7  Ju ly  an egg w a s  observed i n  a  

n e s t  on Colony 4. A second egg was found i n  t h i s  n e s t  on 8 July. 

None of the  access ib le  n e s t s  of Colony 4 produced chicks o r  f l edg l ings ,  

though observat ions of a concentrat ion of 15 ac t ive  nes t s  about 250 

f e e t  up an overhanging c l i f f  on Colony 2 ind ica ted  t h a t  f ledging  

began on Colony 2  on 28 August. A s i n g l e  juvenile seen on 24 

August on the  water a t  Colony 3 .  

Throughout t h e  l a t e  p a r t  of the summer of 1960, but beginning 

on 1 9  Ju ly ,  immature cormorants (second year b i r d s )  were observed 

a t  s eve ra l  l o c a t i o n s ,  mainly a t  the  extreme nor thves t  end of Colony 2, 

Tlxis a rea  d i d  not support  nes t ing  cormorants bu t  is close t o  the  

l a r g e s t  nes t ing  concent ra t ion  on the  Cape Thompson c l i f f s  (about 

300 yards) .  These b i r d s  presumably represented mostly non-breeding 

immatures v i s i t i n g  the c l i f f s  f o r  the  f i r s t  time. An estimated 

15 t o  25 immatures mere p resen t  a t  t h e  c l i f f s  i n  1960. I n  1961 



a few immature cormorants appeared i n  l a t e  June and were occas ional ly  

seen i n  s m a l l  numbers during J u l y  and August. 

I n  1960 a d u l t s  and f ledged young were p resen t  i n  near  maximum 

numbers a t  l e a s t  u n t i l  27 September. Many apparent ly  departed 

during a per iod  of stormy weather between 28 September and 5 October. 

The l a t e s t  observat ion w a s  of a s i n g l e  ind iv idua l  a t  Point  Crowbill 

on 17 October. I n  1961, a d u l t s  and young were sti l l  present  on 

3 October when the las t  observer departed. 

Data f o r  two ind iv idua l s  of t h i s  spec ie s  co l l ec t ed  i n  1960 

a r e  given i n  Table 21. 

Rough-legged - Hawk 

I n  1959 a p a i r  w a s  seen  occupying a n e s t  on the  c l i f f s  on 

1 9  June. The n e s t  w a s  empty and no a c t u a l  breeding a c t i v i t y  w a s  

noted. These i n d i v i d u a l s  were seen f r equen t ly  along the c l i f f s  

during the  e a r l y  summer and l e s s  f requent ly  a f t e r  mid-July. I n  

1960 a s i n g l e  i n d i v i d u a l  w a s  seen over Point  Cronbi l l  on 5 May. 

None were observed l a t e r  than this da te ,  and none w a s  seen during 

1961. 

Golden Eagle 

I n  1959 two a d u l t s  and one immature golden eagle  were present  

along t h e  c l i f f s .  On 24 June the a d u l t s  were f lushed  from a l a r g e  

s t i c k  n e s t ,  but  no evidence of ac tua l  breeding at t h i s  l o c a t i o n  was 

noted. I n  1960 and 1961 a t  l e a s t  one p a i r  f requented t h e  a r e a  of 

t h e  c l i f f s .  No n e s t i n g  a c t i v i t y  was noted. These b i r d s  were f requent ly  

observed near the no r th  end of Colony 2 where we r e g u l a r l y  co l l ec t ed  

the  food remains. Golden eag les  mere f requent ly  observed feeding on 

murres during a l l  t h ree  summers. Golden eagles  nested on the nearby 



TABLE 21. Other s e a  b i r d s  c o l l e c t e d  a t  Cape Thompson c l i f f s ,  1960 

Nos t r i l -  . T e s t i s  Vol, . . Weight' Culmen B i l l  t i p  Wing Tarsus ( C C )  
Species  Date Sex Age Plumage (grams) . (mm) (mm) (mm) .(mm) Lef t  Right 

Pe lagic  
Cormorant 20 Sept.  9 

Pelagic  
Cormorant 7 Oct. cf 

Glaucous- 
glaucous- 20 Sept.  d 
winged Gull+$ 

Herring 
Gull  26 J u l y  Q 

Black 
Guillemo t 5 June 3 

Pigeon 
Guillemot 25 Apr i l  d 

Common 
Raven 15 May d 

Imm. Juv. 1 ,724 49.1 265 55.7 

Imm. Juv. 2,126 52.5 283 58.2 

Ad, Winter 1,595 62.1 26.1 399 68.7 0.04 0.04 

I m m .  F i r s t  Year 928 57.3 24.2 410 70.6 

Ad. Breeding 399 3 1 9  24.2 170 33.5 0.26 0.64 

Ad. Pre-nup. 426 30.5 22.9 168 3 . 9  0.03 0 . ~ 1  
molt 

Ad. Breeding 35.2 48.2 462 69.8 2 . ~ 6  1.96 

i$ See page 84 - 



Kukpuk River and i t  is poss ib le  t h a t  these b i r d s  came from t h a t  

a rea  t o  feed at the  c l i f f s .  

Gyrfalcon 

I n  1959 one p a i r  of gyrfalcons was p resen t  along the c l i f f s ,  

bu t  no evidence of nes t ing  w a s  found. I n  1960 ind iv idua l s  were 

noted near  t h e  south  end of the  c l i f f s  i n  Apr i l  and May, and again 

i n  l a t e  September and October. On 22 August 1960 a p a i r  was seen 

on the  beach near the  west-northwest end of the  c l i f f s .  None w a s  

observed near t h e  c l i f f s  during the  middle of the summer. I n  1961, 

gyrfalcons nes ted  on Po in t  Crovsbill. Two chicks of undetermined 

age were v i s i b l e  i n  the  n e s t  on 5 July.  These, almost f u l l y  f ledged,  

were last seen i n  the  n e s t  on 21 July.  They were not  present  on 

25 J u l y  and were not  seen  t h e r e a f t e r .  It is  poss ib le  t h a t  they d i d  

not  f ledge  successfu l ly .  

Peregrine Falcon 

I n  1959 two p a i r s  were r e g u l a r l y  observed along the c l i f f s .  

One p a i r  nes ted  and f ledged at l e a s t  two young. I n  1960 a s i n g l e  

p a i r  was seen r e g u l a r l y ,  and a  nes t  containing four  eggs was l o c a t e d  

on 1 2  June on the  Colony 3 c l i f f s .  On 25 June the  a d u l t s  mere s t i l l  

incubat ing ,  bu t  on 9 J u l y  at l e a s t  one young had hatched. On 

5 August6the n e s t  contained two chicks.  Observations on 16  August 

ind ica ted  t h a t  these  two young had fledged successfu l ly .  

I n  1961 the  same n e s t  held four  eggs on 26 June. Three of 

these  eggs hatched, and on 8 August, th ree  young l e f t  the nes t .  



Pomerine Jaeger ;  P a r a s i t i c  J aege r ;  Long-tailed Jaeger  

During 1959 a l l  t h r e e  jaegers  were observed i n  the  v i c i n i t y  of 

the  s e a  c l i f f s ,  wi th  t h e  l ong- t a i l ed  jaeger being the  most common. 

I n  1960 only p a r a s i t i c  and long- t a i l ed  jaegers  mere seen. The 

l a t t e r  spec i e s  w a s  p r e s e n t  throughout the  summer, and n e s t s  were 

l oca t ed  i n  nearby a reas .  P a r a s i t i c  j aegers  ve re  most f r equen t ly  

noted during the las t  h a l f  of t he  summer. Both of these  spec i e s  

were occas iona l ly  noted ha ra s s ing  k i t t iwakes  and robbing them of , 

dropped food. I n d i v i d u a l s  ve re  a l s o  occas iona l ly  noted feed ing  on 

ca rcas ses  of dead murres on the  beaches along the  c l i f f s .  On 

2 September 1960 an immature p a r a s i t i c  o r  pomarine jaeger was 

observed k i l l i n g  a f l e d g l i n g  k i t t iwake  i n  the  water o f f  Colony 3 .  

I n  1961, a l l  t h ree  s p e c i e s  were seen,  b u t ,  again,  l ong - t a i l ed  

jaegers  predominated and were observed feeding on dead murres and 

k i t  t iwakes . 

Glaucous-winced Gul l  

On 20 September 1960 an a d u l t  male g u l l  which appears t o  be of 

t h i s  spec i e s ,  o r  p o s s i b l y  a hybr id  between t h i s  spec i e s  and L. - 
hyperboreus, w a s  c o l l e c t e d  a t  Ogotorulc Creek f r o n  a f l ock  of glaucous 

g u l l s .  The da ta  f o r  t h i s  specimen a r e  summarized i n  Table 21. The 

i d e n t i f i c a t i o n  of this specimen has n o t  y e t  been v e r i f i e d .  

Herr ing - Gull  

On 25 July 1960 an immature he r r ing  g u l l  ( b i r d  of the  yea r )  

wi th  a broken wing vias c o l l e c t e d  from a group of glaucous g u l l s  on 

t h e  water  near  t h e  mouth of Emmikroak Creek. The head and wings of 

t h i s  specimen were saved. Data f o r  this specimen a r e  given i n  Table 21. 



An a d u l t  and an immature were a l s o  seen  at Ogotoruk Creek on 17 

October and two a d u l t s  on 1 9  October, 1960. Adults of this s p e c i e s  

were seen  i n  1961. On 30 May two mere seen at Colony 1 and were 

s i g h t e d  r epea t ed ly  at Colony 1 through 21 June. A s i n g l e  b i r d  w a s  

seen  a t  Colony 2  on 28 June and a s i n g l e  b i r d  on Colony 5 on 3 Ju ly .  

Mew Gull' -- 
I n  1959 i n d i v i d u a l  mew g u l l s  were observed along t h e  c l i f f s  

occas iona l ly  i n  e a r l y  and mid-August. 

I n  1960 an i n d i v i d u a l  w a s  seen  a t  Cape Thompson on 1 4  August. 

Between this da t e  and 2 1  August, a s i n g l e  b i r d ,  probably the  same 

i n d i v i d u a l ,  was seen  d a i l y .  

Occasional i n d i v i d u a l s  were seen i n  1961. 

Black Guillemot - 
Black gui l lemots  were seen  i n  s m a l l  numbers throughout t h e  

summer of 1959, a l though the re  were probably n o t  more than t e n  

i n d i v i d u a l s  p re sen t .  

I n  1960 the  f i r s t  b lack gui l lemot  mas noted a t  Colony 2 on 

5 June. Observations throughout the  summer i n d i c a t e d  t h a t  a t o t a l  

of about e i g h t  p a i r s  probably nes ted  along the  c l i f f s ,  t h r ee  p a i r s  

along Colony 2, and f i v e  p a i r s  on Colony 5. On 3 J u l y  a  n e s t  w i t h  

two eggs was l o c a t e d  i n  a c rev ice  i n  t h e  c l i f f  about 8 f e e t  above 

t h e  top of a s l o p i n g  t a l u s  p i l e  a t  t he  base of the  c l i f f s .  One egg 

w a s  removed from this n e s t  and preserved.  The n e s t  w a s  l a t e r  found 

t o  be dese r t ed ,  conta in ing  only the broken remnants of the  second 

egg. The las t  i n d i v i d u a l s  mere seen on 29 August dur ing 1960. 

I n  1961 t h i s  s p e c i e s  w a s  f i r s t  s i gh ted  on 7 June. Only two 

p a i r s  f requented the  c l i f f s  i n  1961 and no n e s t s  were found. Black 

gui l lemots  were probably p r e s e n t  u n t i l  28 August bu t  no d e f i n i t e  

l a s t - s i g h t i n g s  were made. 

D a t a  f o r  one specimen c o l l e c t e d  a t  Po in t  Crowbill  on 5 June 

1960 a r e  given i n  Table 21. 
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Pigeon Guillemot. 

Pigeon gui l lemots  were r e g u l a r l y  noted i n  s m a l l  numbers ( l e s s  

than t e n  i n d i v i d u a l s )  a long the  c l i f f s  dur ing  1959. 

I n  1960 the f i r s t  i n d i v i d u a l s  mere seen  on 1 2  June. Based on 

observa t ions  throughout t he  summer, i t  i s  probable t h a t  only two 

p a i r s  nes t ed  along the c l i f f s ,  one p a i r  a t  Colony 2  and one p a i r  a t  

Colony 9. On 29 J u l y  a n e s t  conta in ing  two eggs was l o c a t e d  a t  

Colony 2. The n e s t  vras p laced  beneath a  l a r g e  s e r i e s  of boulders  

a t  the  base of t he  c l i f f s .  The immediate n e s t  s i t e  was a  s m a l l  

chamber 1 0  inches  high and about 1 f o o t  i n  diameter l o c a t e d  5 t o  6 

f e e t  back underneath a  l a r g e  rock  s l ab .  The a d u l t  w a s  captured on 

the  n e s t  and i d e n t i f i e d .  On egg w a s  a l s o  taken from this nes t .  The 

n e s t  w a s  l a t e r  found dese r t ed  wi th  t he  second egg c o l d  bu t  i n t a c t .  

I n  1960 pigeon gui l lemots  were l a s t  seen  on 29 August. 

Guillemots which probably were this s p e c i e s  f i r s t  s i gh ted  

i n  1961 on 1 6  June,  bu t  d e f i n i t e  i d e n t i f i c a t i o n  was n o t  made u n t i l  

23 June. Three n e s t  s i t e s  were found i n  1961 bu t  none were a c c e s s i b l e  

f o r  observat ion.  Adults were ca r ry ing  food t o  one of these  n e s t s  on 

4 and 7 August. An a d u l t  w a s  seen  perched on a boulder i n  the  water 

i n  f r o n t  of t h i s  n e s t  wi th  a  f i s h  i n  i ts  b i l l  on 18 Ju ly ,  and i t  is 

p o s s i b l e  t h a t  young were p r e s e n t  on t h i s  e a r l i e r  da te .  No f l e d g l i n g s  

were observed, and the  l a s t  a d u l t s  were seen  on 28 August 1961. 

Data f o r  one specimen c o l l e c t e d  a t  Po in t  Hope i n  1960 a r e  given 

i n  Table 21. 

Tufted P u f f i n  

Re la t ive ly  s m a l l  numbers of t u f t e d  p u f f i n s  were r egu la r  members 

of t h e  Cape Thompson co lonies .  Nearly all of t h e i r  presumed nes t  

s i t e s  were l o c a t e d  by observing t h e  a d u l t s ,  but t h e i r  n e s t i n g  

c r e v i c e s  were uniformly h igh  o n . t h e  c l i f f s  and i n a c c e s s i b l e  t o  

climbers.  
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I n  1959, t h e  f i r s t  s i g h t i n g  w a s  made on 18 June,  though t h e  

b i r d s  may have been, p r e s e n t  be fo re  t h e  f i e l d  p a r t y  a r r i v e d .  They 

were sti l l  i n  t h e  a r e a  when t h e  . f i e l d  p a r t y  l e f t  on 9 September. . 

I n  1960, t h e  f i r s t  a r r i v a l s  were s een  on 16 June and t h e  las t  

s i g h t i n g  w a s  made on 25 September. I n  1961 t hey  were f i r s t  s een  

on 8 June and were l a s t  s i g h t e d  on 23 September. 

Common Raven 

I n  1959 ravens  were seen  throughout t h e  summer i n  t h e  v i c i n i t y  

of t h e  c l i f f s .  Family groups of  up t o  s i x  i n d i v i d u a l s  were r e g u l a r l y  

noted.  A t  l e a s t  some of  t h e s e  i n d i v i d u a l s  p robab ly  remained i n  t h e  

a r e a  throughout t h e  win te r .  

I n  1960 one p a i r  a p p a r e n t l y  ne s t ed  near  t h e  s o u t h  end of t h e  

c l i f f s .  Throughout t h e  l a s t  h a l f  of  t h e  summer, a fami ly  group of  

f i v e  b i r d s  f r equen t ed  t h e  n o r t h  end o f  t h e  c l i f f  a r e a ,  sugges t i ng  

t h e  presence of two  n e s t i n g  p a i r s  on t h e  c l i f f  a r e a  as a whole. 

I n  1961, a  s i n g l e  n e s t  on Po in t  Crowbil l  produced f l e d l i n g s  i n  

unknown numbers. E igh t  ravens ,  p o s s i b l y  a  family  group, ranged 

t h e  l e n g t h s  of t h e  c l i f f s  throughout J u l y  and August. 

Data on one specimen c o l l e c t e d  i n  1960 a r e  g iven  i n  Table 21. 



The i n t e n s i t y  of t h e  census e f f o r t  dur ing the  s t u d i e s  at 

Cape Thompson va r i ed  from year  t o  year  and from s p e c i e s  t o  s p e c i e s ,  

bu t  i n  gene ra l  t he  census program was aimed a t  de te rmina t ion  of 

t o t a l  popula t ions  and assessment of p o s s i b l e  change i n  popula t ion  

l e v e l s .  

H i s t o r i c a l l y ,  the problem of accu ra t e ly  determining t h e  

abundance of breeding s e a  b i r d s  has been a d i f f i c u l t  one which 

has  been a t t acked  by many workers. I n  developing the  methods 

used at  Cape Thompson, I have drawn heav i ly  on Russian works, 

p a r t i c u l a r l y  those of Uspenski (1956) and Belopolski  (1958). None 

of t he  methods h e r e t o f o r e  developed has  proved e n t i r e l y  s a t i s f a c t o r y  

i n  e i t h e r  accuracy o r  ea se  of execut ion.  Though s t i l l  n o t  i d e a l ,  I 

hope t h a t  those used a t  Cape Thompson and r epo r t ed  here  r e p r e s e n t  

improvements i n  bo th  r e s p e c t s .  

Census Methods 

Census at Cape Thompson was normally conducted during the  

middle and last half of the  i ncuba t ion  per iod  of t h e  s p e c i e s  

involved;  a l though,  i n  some cases ,  bad weather caused census 

a c t i v i t i e s  t o  extend i n t o  l a t e r  phases  of t he  breeding cycle.  

Study p l o t s  were s e t  up i n  1959. These va r i ed  i n  s i z e ,  bu t  

taken toge the r  gave complete coverage of the  exposed strata along 

t h e  7 miles of c o a s t l i n e .  P l o t s  mere marked o f f  on 8 x 10-inch 

photographs,  u t i l i z i n g  n a t u r a l  topographic f e a t u r e s  as p l o t  boundaries.  

Some of the  p l o t s  s e t  up i n  1959 proved of unwieldy s i z e  and were 

broken i n t o  two o r  more p l o t s  i n  1960. One hundred th i r ty -seven  

p l o t s  were used i n  1960 and were used unchanged i n  1961. Numerous 

smal le r  p l o t s  f o r  va r ious  purposes were s e l e c t e d  from wi th in  these  

primary p l o t s .  
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Abundance o f  cormorants,  gy r f a l cons ,  p e r e g r i n e s ,  g laucous 

g u l l s ,  and ravens  was determined by maldng d i r e c t  counts  of all 

n e s t s  o r  n e s t i n g  s i t e s  on t he  Cape Thompson co lon ies .  Abundance - 
of ki t t i tval res  i n  1960 and 1961  &so w a s  determined by n e s t  counts.  

Techniques used i n  1959 f o r  de te rmin ing  kittivralre abundance a r e  

de sc r ibed  l a t e r .  Pigeon gu i l l emo t s ,  b l ack  g u i l l e n o t s ,  and t u f t e d  

p u f f i n s  n e s t  i n  c a v i t i e s  and were counted by c o l l a t i o n  of season- 

l ong  obse rva t i ons  of t h e  b i r d s  and s ea r ches  f o r  n e s t  s i t e s .  Horned 

p u f f i n s  a l s o  n e s t  i n  c a v i t i e s ,  bu t  t h e y  were s o  numerous t h a t  o t h e r  

techniques, . .  which a r e  de sc r ibed  l a t e r ,  were at tempted.  

Census of murres p r e s e n t e d  more formidable  problems. Both 

s p e c i e s  of murres l a y  t h e i r  eggs on ba re  rock  l edges  and e i t h e r  o r  

bo th  s exes  may a t t e n d  t h e  n e s t  s i t e .  Sometimes, i f  t h e  n e s t i n g  

l e d g e s  a r e  c l e a r l y  v i s i b l e ,  t h e  eggs may be counted. Kaftanovski 

(1940) and Uspenski (1941) used such techniques  s u c c e s s f u l l y  i n  t h e  

Seven I s l a n d s  Sanc tuary  on t h e  Murman Coast. A t  Cape Thompson, 

however, t hose  eggs which can be seen  and counted a r e  t h e  excep t ion ,  

and de te rmina t ion  of abundance depends on counts  of t he  b i r d s  made 

by obse rve r s  on t h e  water  o r  o c c a s i o n a l l y  on t h e  beaches o r  c l i f f - t o p s .  

Although e s t i m a t e s  a r e  somet ines  necessa ry ,  t h e  p r e f e r r e d  

method i s  an i n d i v i d u a l  count of  the  b i r d s .  When p l o t s  a r e  c l e a r l y  

d e l i n e a t e d  and d iv ided  i n t o  sub-sec t ions  by t h e  observers ,  i n d i v i d u a l  

counts  of  t h e  b i r d s  i s  f e a s i b l e ,  though time consuming, even f o r  

c o l o n i e s  as l a r g e  as those  a t  Cape Thompson. Attempts t o  avoid  t h e  

t a s k  of  count ing t h e  e n t i r e  e x t e n t  of  t h e  colony by determining 

average .  d e n s i t y  o f  b i r d s  p e r  unit a r e a  of  c l i f f  f a ce  (as done by 

Krasovski ,  1937) were d i s c a r d e d  i n  t h e  Cape Thompson s t u d i e s  as 

i n s u f f i c i e n t l y  p r e c i s e .  

Although accu ra t e  counts  o r d i n a r i l y  can be made, murres r o o s t i n g  

on t h e  c l i f f s  i n  t h i s  l o c a l i t y  undergo c y c l i c  d a i l y  f l u c t u a t i o n s  i n  

numbers such t h a t ,  at  t h e  moment of count ing,  t h e  b i r d s  counted do 

n o t  r e p r e s e n t  t h e  e n t i r e  popu la t i on  nor  a cons t an t  f r a c t i o n  of it. 

Each count must t h e r e f o r e  be c o r r e c t e d  t o  determine t h e  t r u e  b reed ing  
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popula t ion .  I n  1959 i t  w a s  n o t  p o s s i b l e  t o  i n v e s t i g a t e  these  

d i u r n a l  c y c l e s  i n  d e t a i l ,  bu t  counts  made of marked p l o t s  dur ing  

e i g h t  days seemed t o  i n d i c a t e  t h a t  curves  of t he se  d i u r n a l  p a t t e r n s  - 

of  c l i f f  r o o s t i n g  tended t o  be  n e a r l y  congruent ( s ee  Fig .  14) .  I n  - 
1960 we were a b l e  t o  devote  more t ime t o  such counts ,  and, a l though 

p e r t u r b a t i o n s  were e v i d e n t ,  a b a s i c  p a t t e r n  of a c t i v i t y  c o n s i s t e n t  

w i th  t h e  assumptions made i n  1959, e s t ab l i shed .  

The c o r r e c t i o n  methods used dur ing  a l l  t h r e e  yea r s  depended 

on de te rmina t ion  of t h e  p e r  c en t  o f . t h e  t o t a l  popu la t i on  a c t u a l l y  

p r e s e n t  on t h e  c l i f f s  a t  t he  moment of census. Af t e r  t h e  d i u r n a l  

a c t i v i t y  curves  were e s t a b l i s h e d ,  t h e  census counts  were made. I n  

1959 two obse rve r s  ( t h e  t o t a l  f i e l d  p a r t y  dur ing  1959 n u r r e  counts )  

i n  a s m a l l  b o a t  d r i f t e d  a long t he  sho re  j u s t  f a r  enough away from 

t h e  c l i f f s  t o  avoid  f l u s h i n g  t h e  b i r d s .  The anchor aas lowered 

whi le  counts  were being made. I4ovement a long t h e  c l i f f s  was u s u a l l y  

p o s s i b l e  wi thout  the  n o i s e  and d i s tu rbance  of o a r s  o r  motors by 

u t X l i z i n g  longshore  c u r r e n t s  o r  winds. The b i r d s  were counted through 

7 x 50 b inocu l a r s .  No c o r r e c t i o n  w a s  made f o r  b i r d s  a l i g h t i n g  and 

d e p a r t i n g  dur ing  t h e  count u n l e s s  f l u s h i n g  occur red .due  t o  our  

presence.  I n  t h i s  even t ,  t h e  b i r d s  were counted as they  f l e e  away 

and added t o  t h e  t o t a l .  

A b lack  and whi te  photograph- of  t he  p l o t  w a s  talren a t  t he  

beg inn ing  of t h e  count ,  and t h e  exac t  time was recorded.  The 

photographs  pe rmi t t ed  exac t  and easy r eco rd ing  of n e s t i n g  and .. 
r o o s t i n g  ledges  and mere used t o  determine the  f e a s i b i l i t y  of u s ing  

photographs  as a s u b s t i t u t e  f o r  t i n e  consuaing on-the-spot counts .  

These photographs  were used i n  a manner similar t o  t h a t  r e c e n t l y  

employed by Boyd (1961) w i th  ganne ts ,  b u t  the  technique proved 

u n s a t i s f a c t o r y  a t  Cape Thompson because of g e n e r a l l y  unfavorable  

weather and topographic  condi t ions .  

Due t o  p i t c h i n g  of  t he  boa t  and excess ive  d i s t a n c e  of some 



Time 

Figure 14. Diurnal cycles of murres, 30 August - 1 September, 1959 
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l edges  from the .  observers ,  i t  was no t  p o s s i b l e  t o  count b i r d s  

i n d i v i d u a l l y  on all of t h e  p l o t s .  I n  these  cases ,  es t imates  were 

made by mental ly  blocking out  groups of 100 b i r d s  and summing. 

Due t o  bad weather,  which hampered counting and r e s t r i c t e d  t h e  days 

i n  which a  boa t  could be used, we were forced  by time l i m i t a t i o n s  

t o  make many e s t ima te s  i n  1953. I n  1960 and 1961 few es t ima te s  

were necessary.  A l l  e s t ima te s  were recorded a s  such. 

I n  a l l  i n s t a n c e s  counts  o r  e s t ima te s  mere made independent ly  

by both observers ,  recorded,  and the  two f i g u r e s  averaged l a t e r .  

By r e f e r r i n g  t o  t h e  p o i n t  on t h e  d i u r n a l  a c t i v i t y  curve corresponding 

t o  t he  time of t h e  count and by determining t h e  d i s t ance  to  t h e  100 

p e r  c e n t  l i n e ,  AB i n  Fig.  14,  (assumed i n  1959 t o  be equal  t o  the  

h ighes t  t o t a l  ob ta ined  on any day during the  incuba t ion  pe r iod )  

and t o  the  zero  p e r  c e n t  l i n e ,  BC i n  Fig.  14 ,  the  p e r  cen t  of the  

t o t a l  popula t ion  r ep re sen ted  by the  counts w a s  determined. Once 

t h i s  percentage was known, count d a t a  could be ad jus t ed  t o  y i e l d  

t he  t o t a l  popula t ion  of t h e  p l o t .  

I n  1959, k i t t iwake  popula t ions  were determined us ing  the same 

techniques  as u t i l i z e d  f o r  murres. Diurnal a c t i v i t y  curves were 

l e s s  dramatic and l e s s  r e g u l a r  than those displayed by murres bu t  

were none the less  d e f i n i t e .  During t h e  bad weather p r e v a i l i n g  

dur ing  the census p e r i o d  i n  1959, i t  more f e a s i b l e  t o  count o r  

e s t ima te  the  b i r d s  themselves,  which c o n t r a s t  we l l  wi th  the c l i f f s ,  

than t o  count t he  n e s t s  a s  w a s  done i n  1960 and 1961. 

I n  1960 a  modi f ica t ion  of the  1959 census method f o r  murres was 

developed which may posses s  advantages i n  accuracy and which enables  

e a s i e r  compensation f o r  d i u r n a l  v a r i a t i o n s  i n  numbers at the  c l i f f s .  

"Compensation p l o t s "  were e s t a b l i s h e d  i n  s e v e r a l  p a r t s  of t he  c l i f f  

a r e a  i n  which the  census was t o  be conducted t h a t  day. These p l o t s  

were s c a t t e r e d  widely and were s e l e c t e d  only f o r  v i s i b i l i t y  by 

observers  on shore .  A s u f f i c i e n t  number of p l o t s  were used s o  as 

t o  e l imina t e  d i s t o r t i o n s  caused by the  presence or  absence of 

~ ' l o i t e r i n g "  b i r d s  i n  t h e  compensation p l o t s .  Ce r t a in  a r e a s  on the  
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c l i f f s  a r e  u s e d . t o  a  g r e a t e r  ex t en t  than  o t h e r s  by ! ' l o i t e r ing  b i r d s .  

(This  phenomenon of " l o i t e r i n g  has been observed by o t h e r s  but i t s  

s i g n i f i c a n c e  i s  unknown. I suspec t  many of these b i r d s  r ep re sen t  
. 

members of a  p a i r  "off-duty" a t  the  moment and l ack ing  space t o  

l o a f  a t  t he  n e s t - s i t e .  

The number o f  b i r d s  on t h e  compensation p l o t s  w a s  counted 

by shore  observers  s imultaneously wi th  the  complete census counts 

. o f  the  colony by t h e  two o t h e r  observers  i n  a  boat  o f f shore .  

Counts of compensation p l o t s  were made by the  shore  observers  at 

15- t o  30-minute i n t e r v a l s .  Immediately a f t e r  t e rmina t ion  of 

census f o r  t h a t  day, t h e  b i r d s  on each of these  compensation p l o t s  

were f l u shed  from t h e i r  eggs and the  eggs were counted. The p e r  

c e n t  of breeding i n d i v i d u a l s  a t  t he  c l i f f s  dur ing t h e  census p e r i o d  

can then  be c a l c u l a t e d  by: 

b i r d s  p re sen t  on p l o t s  
2 x number of eggs 

x 100 

It i s  c l e a r ,  however, t h a t  t h e o r e t i c a l  breeding popula t ions  

as computed from egg counts  m i l l  be low because of egg l o s s .  

Fu r the r ,  s i n c e  ex tens ive  re - lay ing  occurs  a f t e r  egg l o s s ,  t he  

number of  eggs p r e s e n t  at a g iven  time is the  r e s u l t a n t  of two 

opposing func t ions ,  l o s s  and replacement. It w a s  n o t  f e a s i b l e  t o  

i n v e s t i g a t e  egg l o s s  d i r e c t l y  a t  Cape Thompson because of t h e  

r e s t r i c t e d  a c c e s s i b i l i t y  of eggs f o r  marking and high m o r t a l i t y  

of eggs induced by human a c t i v i t y  on the  breeding ledges .  Data 

from 11 p l o t s  on Colony 4 and coiony 5 were analyzed to  determine 

the  per  c e n t  of the  breeding popula t ion  incuba t ing  eggs during the  

pe r iod  of census. Murres on these  p l o t s  were counted a t  s h o r t  

i n t e r v a l s  by f i v e  people  from 1130 t o  2245 hours BST on 22 J u l y  

1961. (This  i s  the  time p f  day i n  which murres were at 'the c l i f f s  

i n  g r e a t e s t  numbers.) Immediately a f t e r  completing the  counts  t h e  



eggs were counted on a l l  p l o t s ;  t h e  eggs t o t a l l e d  1,181. Popula t ion  

peaks d id  no t  occur s imultaneously on all p l o t s ,  but  except f o r  one 

p l o t ,  a l l  peaks occurred between 1900 and 2230. Peak f i g u r e s  f o r  - 

all p l o t s  were summed, y i e l d i n g  2,808 b i rds .  I f  i t  i s  assumed 

t h a t  b i r d s  "off duty" a t  t h e  moment r e t a i n  attachment f o r  a given 

ledge  and do not  move from p l o t  t o  p l o t  o r  go t o  s e a  during the 

hours  o f ~ c o u n t i n g ,  the  p e r  cen t  of the  popula t ion  incubat ing  eggs 
2 x  1 181 on t h a t  day i s  = 84%. Extensive c o l l e c t i n g  during the 

pe r iod  of incuba t ion  and e a r l y  n e s t l i n g  l i f e  d i d  no t  d i s c l o s e  

phys io log ica l  non-breeders. I have assumed, t h e r e f o r e ,  t h a t  at 

t h i s  season a l l  o r  n e a r l y  al l  b i r d s  r e s i d e n t  i n  t he  c l i f f  a r e a  a r e  

a t tempt ing  t o  breed. 

The f i g u r e  84 pe r  cen t  was used i n  computing the  f i n a l  

c o r r e c t i o n  f a c t o r s  i n  1960 and 1961. The per  cen t  of  b i r d s  p re sen t  

on t h e  l edges  at the  moment of census,  compensating f o r  both 

d i u r n a l  a c t i v i t y  rhythms and egg loss-replacement , w a s  computed 

as fol lows:  

Per cen t  of breeding b i r d s  counted on compensation p l o t s  
b i r d s  on c l i f f  a t  - - sum of eggs on compensation 
time of count 

.84 

Census methods f o r  murres do not  inc lude  b i r d s  which, even a t  

t h e  d a i l y  peaks,  a r e  s t i l l  seen  at sea .  Attempts t o  c o l l e c t  b i r d s  

f a r  a t  s e a  were no t  very succes s fu l ,  b u t  i n d i c a t i o n s  e x i s t  t h a t  a t  

l e a s t  some of t hese  a r e  young, non-breeders. 

Census of horned p u f f i n s  p r e s e n t s  s p e c i a l  problems i n  t h a t  

t he  n e s t  s i t e s  a r e  hidden i n  c r ev ices  and holes.  I n  1959 numbers 

were es t imated by s l o v ~ l y  c r u i s i n g  by boa t  p a s t  t he  c l i f f s  i n  t he  

l a t e  evening, vrhen the b i r d s  tended t o  perch on the ledges  i n  

g r e a t e s t  abundance. No at tempt  was made t o  compensate these  f i g u r e s  

f o r  b i r d s  at s e a  o r  hidden i n  nes t ing  c rev ices .  I n  1960 compensation 

v r a s  accomplished u t i l i z i n g  the  same p r i n c i p l e s  used f o r  murres. The 
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l o c a t i o n  of t h e  f i e l d  camp nea r  Colony 4 pe rmi t t ed  more o r  l e s s  

cont inuous obse rva t i on  of about h a l f  of this colony,  and i t  w a s  

p o s s i b l e  t o  l o c a t e  a l l  o r  n e a r l y  all o f  t h e  horned p u f f i n  n e s t s .  

A t  s h o r t  i n t e r v a l s  dur ing  t h e  hours  of census a c t i v i t y  by boa t  

obse rve r s ,  t h e  b i r d s  v i s i b l e  on Colony 4  were counted by sho re  

observers .  The t o t a l  number of b i r d s  s een  by sho re  obse rve r s  on 

Colony 4 d iv ided  by twice  t h e  number of  known n e s t s  t imes 100 

t hen  y i e lded  t h e  p e r  c e n t  of t h e  t o t a l  popu la t i on  r ep re sen t ed  at 

a g iven  t ime by t h e  b i r d s  perch ing  on l edges .  These percen tages  

were t hen  used t o  compute t h e  " t o t a l "  from t h e  d a t a  ga thered  by 

o t h e r  observers  count ing  from a boat .  

I n  1961  an e f f o r t  was made t o  l o c a t e  all n e s t i n g  p a i r s  of 

horned p u f f i n s  f o r  a d i r e c t  count.  A l l  c o l o n i e s ,  except  Colony 5 

vrhich i s  known t o  have very  few p u f f i n s ,  were counted. 

Census E r r o r  

A s  i n d i c a t e d  above, s e v e r a l  census methods have been used,  

d i f f e r i n g  wi th  t h e  s p e c i e s  involved.  Some of t he se  methods a l low 

r e l a t i v e l y  l i t t l e  e r r o r  ( e  .g. , n e s t  counts  of g laucous g u l l s )  ; i n  

o t h e r s ,  e .g . ,  murres,  t h e  p o s s i b l e  e r r o r  is l a r g e r .  I n  a l l  of 

t h e s e  methods t h e  on ly  p o i n t  a t  which t h e  d a t a  a r e  s u b j e c t  t o  

o b j e c t i v e  a n a l y s i s  i s  i n  t h e  d i f f e r e n c e  between t h e  counts  of 

d i f f e r e n t  observers .  With exper ienced observers  t h i s  d i f f e r e n c e  

t e n d s  t o  be lorn. I n  t h e  murre census  (perhaps  t h e  most cha l leng ing  

i n  t h i s  respec t ) ,  summing al l  counts  and e s t i m a t e s  of two observers  

i n  1960 y i e l d s  t o t a l s  of  252,983 ve r sus  255,529, a d e v i a t i o n  from 

t h e  mean (254,256) of o n l y  1 , 2 7 3  o r  0.5 pe r  cen t .  A "T" t e s t  

y i e l d s  a va lue  of  .0754. I n  1961, sums of  similar counts  were 

22,039 ve r sus  20,204, a d e v i a t i o n  from t h e  mean (21,121) of 917 o r  

4.3 p e r  cen t .  Although this seems r a t h e r  c l o s e  agreement f o r  f i e l d  

coun t s ,  a llT1l t e s t  y i e lded  a T value  of .3907, i n d i c a t i n g  t h a t  

s i g n i f i c a n t  d i f f e r e n c e s  were p r e s e n t  between t h e  two observers .  
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The seeming o b j e c t i v i t y  of such analyses  mzy i n  some measure be 

i l l u s o r y  i n  t h a t  s u b t l e  adjustments c e r t a i n l y  take p lace  through 

conversat ions between observers  l i v i n g  and working together .  It 

is  not  poss ib le  t o  a s ses s  t h i s  adjustment i n  ob jec t ive  terms and 

i n  any event i t  would seen  t h a t  t he  use of mul t ip le  observers  i s  

an adequate o r  a t  l e a s t  t h e  bes t  p r a c t i c a l  nay t o  minimize counting 

e r r o r s .  ' 

The major source of census e r r o r  l i e s  i n  the  compensation of 

a l c i d  f i g u r e s  f o r  d i u r n a l  a c t i v i t y  p a t t e r n s  and egg loss-replace-  

ment. The accuracy of t h e  methods used depends on an adequate 

number of random samples. Se lec t ion  of  conpensation p l o t s  w a s  

made s o l e l y  on t h e  b a s i s  of whether o r  not  b i r d s  and eggs could 

be counted accura te ly ,  and s ince  p l o t s  were chosen from var ious  

reg ions  on the  c l i f f s ,  i t  i s  un l ike ly  t h a t  b i a s  has been introduced.  

The modif icat ions i n s t i t u t e d  i n  1960 depend, i n  p a r t ,  on determination 

of egg l o s s  and replacement. It is  d i f f i c u l t  t o  a s ses s  the  poss ib le  

e r r o r s  introduced by t h i s  computation. D*ect methods u t i l i z i n g  

marked eggs and b i r d s  proved unfeas ib le  on t h e  Cape Thompson c l i f f s .  

Uspenski (1958) and Tuck (1960) s u b s t a n t i z t e  observat ions at 

Cape Thompson t h a t  egg m o r t a l i t y  i s  g r e a t l y  increased  by human 

a c t i v i t y  on and near  the nes t ing  ledges.  It i s  poss ib le ,  t he re fo re ,  

t h a t  the census methods used during this study provide a  more 

accurate  determinat ion of the p e r  cent  of the  t o t a l  poss ib le  

number of eggs p resen t  on a  given day than  do methods depending 

on marking techniques. Care mas taken t o  avoid d i s rup t ive  a c t i v i t y  

near the  s tudy areas .  

Resul t s  and Discussion - 

Census t o t a l s  from all th ree  years  are  l i s t e d  i n  Table 22. 

From work subsequent t o  1959 i t  has become c l e a r  t h a t  l a r g e  e r r o r s  



TABLE 22. Populations .of Sea Birds at Cape Thompson, Alaska, 1959 t o  1961 

Murres K i t  tiwakes Horned Puff i n s  

Colony 1959 1960 1961 1959 1960 1961 1959 1960 1961 

Totals 176,000 393,000 23,700 26,000 953 b902 

.Glaucous Gul ls  Pelagic Cormorant Tufted P u f f i n  

Tota ls  304 300 12 46 46 22 36 40 

Black Guillemot Pigeon Guillemot 
1959 1960 1961 1959 1960 1961 

5 ; - .  
10 2 I 2 10  3 - 

Tota ls  < l o  i 6  4 :lo 4 14  

.. 
%" See t e x t  page' 97 f o r  1961 murre census o f '  Colony 1. 
i SZF t e x t  pages 101-102 f o r  discussion of 1961 k i t t iwake  census. - 
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a r e  embodied i n ,  some of t h e  d a t a  taken  i n  t h a t  year .  Fac to r s  causing 

these  e r r o r s  a r e  d i scussed  below. Spec ies  a r e  discussed i n  order  of 

decreas ing  abundance . 

Murres 

I n 1 9 5 9  s u f f i c i e n t  personnel  were not  a v a i l a b l e  f o r  census u n t i l  

l a t e  i n  the  season ( t h e  f i r s t  week of September). A t  t h a t  time ch icks  

and a d u l t s  had begun t o  l eave  and t h e  d a t a  t h e r e f o r e  r ep re sen t  on ly  

p a r t  of t he  m a x i m u m  popula t ion ,  I n  1960, c lo se  t r a c k  w a s  k e p t  of  

popula t ion  l e v e l s  and d i u r n a l  cyc l e s  i n  two p l o t s  on Colony 4. These 

popula t ions  had diminished t o  about ha l f  of t h e i r  peak by 4 September. 

S ince  t h e  breeding phenology of the  1959 season was about two weeks 

l a t e r  than t h a t  i n  1960, i t  i s  l i k e l y  t h a t  the  1959 counts r e p r e s e n t  

between one-half and th ree -qua r t e r s  of t h a t  y e a r ' s  peak populat ion.  

Colony 1 is  unique among t h e  Cape Thompson co lonies  i n  t h a t  i t  

is composed t o  a l a r g e  e x t e n t  of non-incubating b i rds .  Counts of t h i s  

e n t i r e  colony taken a t  d i f f e r e n t  t imes of day o r  on d i f f e r e n t  days 

va r i ed  g r e a t l y .  I n  1961, uncompensated counts i n  l a t e  J u l y  and e a r l y  

August va r i ed  from 2,489 t o  5,797. The c l i f f s  of Colony 1 d i f f e r  

topographica l ly  from t h e  o t h e r  co lonies  i n  t h a t  the  rock s t r a t a  a r e  

t i l t e d  n e a r l y  v e r t i c a l l y .  A s  a r e s u l t ,  l edges  which w i l l  s a f e l y  

accommodate an egg a r e  r e l a t i v e l y  scarce .  The maximum breeding 

popula t ion  w a s  probably between 2,000 and 3,000 b i rds .  The l a r g e  

p ropor t ion  of non-incubating b i r d s  f requent ing  the c l i f f s  dur ing  

the  pe r iod  of m a s s  i ncuba t ion  may l a r g e l y  have-been inexperienced 

breeders  fo rced  t o  use marginal  h a b i t a t .  Tuck (1960) has  shovm 

t h a t  egg m o r t a l i t y  is  h igh  i n  new breeders .  Such high egg m o r t a l i t y  

coupled wi th  h igh  egg l o s s  from poor h a b i t a t  may account f o r  many 

of t hese  unat tached b i r d s .  The colony is about one mile from any 

o t h e r  breeding  s i t e s ,  and i t  i s  doubtful ,  though p o s s i b l e ,  t h a t  t hese  

b i r d s  r e p r e s e n t  l o i t e r e r s  from Colony 2. 
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The o t h e r  c o l o n i e s ,  as a whole, do no t  show such extreme 

v a r i a t i o n s  as Colony 1 i n  counts  made at d i f f e r e n t  t imes,  though s m a l l  

a r e a s  may do so .  Such a r e a s  seem always t o  be e i t h e r  marginal  h a b i t a t  

o r  adequate h a b i t a t  which i s  obvious ly  n o t  s a t u r a t e d  by breed ing  b i r d s .  

The l a t t e r  s i t u a t i o n  seems r a r e l y  t o  p r e v a i l  at Cape Thompson, where 

o r d i n a r i l y  on ly  c a t a s t r o p h e  ( rock  f a l l ,  Eskimo egg-gathering,  o r  

excep t iona l  s torm m o r t a l i t y )  produces c l e a r l y  unsa tu r a t ed  a reas .  The 

f l u c t u a t i o n  i n  numbers of b i r d s  s e e n  i n  such a r e a s  seems due t o  

l o i t e r i n g  b i r d s ,  b i r d s  which have no t  y e t  l a i d  a f i r s t  o r  replacement 

egg,  and, a t  c e r t a i n  t imes i n  t h e  season,  new breeders  " v i s i t i n g "  t he  

c l i f f s  f o r  t h e  f i r s t  t ime.  

It w a s  n o t  p o s s i b l e  t o  d i f f e r e n t i a t e  t he  two s p e c i e s  of murres 

i n  a l l  of t h e  counts  a t  Cape Thompson. Whenever p o s s i b l e ,  however, 

t h e  s p e c i e s  were d i f f e r e n t i a t e d .  Uncompensated counts  of 244,352 murres 

counted i n d i v i d u a l l y  i n  1960 f o r  a l l  c o l o n i e s  y i e lded  40 p e r  c e n t  

common murres and 60 p e r  c e n t  t h i c k - b i l l e d  murres. D i s t r i b u t i o n  

among t h e  co lon i e s  w a s  n o t  uniform. I n  Colony 1, 1 9  p e r  c e n t  of 

4,118 were common murres;  i n  Colony 2,  51 p e r  c e n t  of 76,828; i n  

Colony 3, 40 p e r  cen t  of 13,959; i n  Colony 4,  57 p e r  cen t  of  8,543; 

and i n  Colony 5, 19 p e r  cen t  of  140,904. Di f fe rences  i n  d i s t r i b u t i o n  

a r e  probably due p r i m a r i l y  t o  d i f f e r e n c e s  i n  n e s t  s i t e  s e l e c t i o n  i n  

t h e  two spec i e s .  Common murres a r e  l a r g e l y  r e s t r i c t e d  t o  comparat ively  

wide, deep,  l edges .  Th i ck -b i l l ed  murres w i l l  l a y  on almost  any a r e a ,  

s m a l l  o r  l a r g e ,  vrhich w i l l  r e t a i n  an egg. The l a t t e r ' s  h a b i t a t  i s  

more abundant on t h e  Cape Thompson c l i f f s  and i s  c e r t a i n l y  one . 

f a c t o r  invo lved  i n  t h e  g r e a t e r  o v e r a l l  abundance of t h i c k - b i l l e d  murres. 

I n  1961 a complete census m a s  t aken  only of Colony 1 and 

Colony 4. Study p l o t s  which cou ld  be counted most e a s i l y  and a c c u r a t e l y  

were s e l e c t e d  from t h e  ends and c e n t e r  of t h e  o t h e r  co lon i e s ,  and t he  

d a t a  compared w i t h  t hose  of 1959 and 1960. Due t o  t h e  p e c u l i a r i t i e s  

of Colony 1, census  counts  a lone  do no t  permit  f i r m  conc lus ions  as t o  
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popula t ion  changes., The number of occupied l edges  i n  Colony 1 d i d  n o t  

change, however, and i n  view of t h e  r e s t r i c t e d  nes t ing  h a b i t a t  i t  i s  

u n l i k e l y  t h a t  s i g n i f i c a n t  change occurred.  Data from Colony 4 ind icake  

about a  one- third  r educ t ion  i n  popula t ion  betwen 1960 and 1961. 

Popula t ion  decrease showed i t s e l f  i n  t he  form of r educ t ion  in dens i ty .  

The p a t t e r n  of c l i f f  occupat ion remained the  same, except f o r  one 

s m a l l  a r e a *  the  face  of which broke away dur ing  t h e  1961 incubat ion  

season and was only p a r t i a l l y  recolonized.  Incomplete reoccupat ion 

is  no t  s u r p r i s i n g  i n  view of the  tendency observed by Uspenski (1956) 

f o r  murres t o  be tenac ious  i n  n e s t  s i t e .  Seventeen ou t  of 18 p l o t s  

i n  Colony 4 showed r educ t ion  i n  numbers ranging from 3 p e r  cen t  t o  

67 p e r  cent .  One smal l  a r e a  showed an i n c r e a s e  from 2 b i r d s  t o  24. 

This  s m a l l  a r e a  w a s  a  l o i t e r i n g  a r e a ,  no t  a  breeding a rea ,  and t h e  

apparent  i n c r e a s e  i n  popula t ion  is  a sampling a r t i f a c t .  

The r educ t ion  i n  popu la t ion  of Colony 4 i n  1961 may p a r t i a l l y  

be due t o  the  more o r  l e s s  cons t an t  presence of t h e  i n v e s t i g a t o r s  i n  

t h e  immediate v i c i n i t y  dur ing  1960 and 1961. I n  1959 our f i e l d  camp 

w a s  l o c a t e d  about a mile  away from the  Colony, whereas i n  1960 and 

1961 i t  mas ad jacent  t o  i t .  I n  view of our care  t o  avoid undue 

d is turbance  a t  t h i s  colony, such an in f luence  upon populat ion would 

be s u r p r i s i n g .  It i s  p o s s i b l e ,  of course ,  t h a t  t he  decrease i s  only 

apparen t ,  due t o  census e r r o r  i n  one o r  both years .  I n  the  f u t u r e  

i t  would be d e s i r a b l e  t o  conduct r epea t ed  censuses of l a r g e  a r e a s  t o  

examine t h e  cons is tency  of r e s u l t s  obtained on d i f f e r e n t  days dur ing  

the  same breeding season. Data taken from census of s e l e c t e d  p l o t s  

i n  t he  o the r  co lon ie s  showed a s m a l l  decrease i n  Colony 2 and a small 

i n c r e a s e  i n  both Colony 3 and Colony 5. Within each colony the  change 

was c o n s i s t e n t  i n  d i r e c t i o n  i n  al l  p l o t s  sampled. 
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Black-legged Kittiwake 

Kitt iwake d a t a  a r e  s u b j e c t  t o  fewer sources of e r r o r  than a r e  

the  a l c i d  da ta ,  and perhaps because of this, they show l e s s  v a r i a t i o n  

between years.  The only c l e a r  evidence of populat ion change i n  

k i t t i w a k e s  i s  the  dramatic inc rease  i n  the p o p ~ l a t i o n  i n  Colony 4 

between 1959 and 1960. A l a r g e  p a r t  of the inc rease  took p lace  i n  

the  nor thv~es t  ha l f  of the  Colony where the  number of b i r d s  increased  

from 1,560 t o  3,930. About three- four ths  of t h i s  a r e a  is  unusually 

s u s c e p t i b l e  t o  s e a  storms, and because of t h i s  i t  is l i k e l y  t h a t  this 

a r e a  f l u c t u a t e s  i n  i t s  popula t ion  more than most. Four storms occurred 

i n  1959 with s u r f  s u f f i c i e n t l y  high t o  endanger o r  destroy many 

k i t t iwake  n e s t s  i n  t h i s  area.  I n  1960 and 1961 such storms were l e s s  

f requent  and l e s s  v i o l e n t  during the breeding season. I n  1961 a  severe  

s e a  storm occurred on 21 August a f t e r  completion of the  census and 

destroyed a l l  of the  n e s t s  (22) on one of the  census p l o t s  i n  this 

area.  Data were not  gathered on o t h e r  p l o t s ,  but  i t  is l i k e l y  t h a t  

propor t ionate  damage occurred. 

I n  s p i t e  of the  probable r o l e  of storm damage i n  k i t t iwake  

breeding i n  Colony 4,  all of the  d i s p a r i t y  i n  census f i g u r e s  between 

1959 and 1960 cannot be ascr ibed  to  this f a c t o r ,  and i t  is  c l e a r  t h a t  

t he  colony experienced r e a l  growth. No s i g n i f i c a n t  change i n  the 

populat ion of Colony 4  was de tec ted  between 1960 and 1961. 

I n  Colonies 1, 2,  and 5, k i t t iwake  populat ions remained 

e s s e n t i a l l y  s t a b l e  during the  years  of s tudy.  The d i f f e rences - in  

numbers l i s t e d  a r e  probably wi th in  the range of census e r ro r .  Alter- 

n a t i n g  p l o t s  i n  Colonies 1 through 4  were counted i n  1961. Colony 1 w a s  

b e r e f t  of k i t t i ~ v a k e s  during all th ree  years ,  poss ib ly  due t o  l ack  of 

favorable  nes t ing  s i t e s  and/or t o  s a t u r a t i o n  by murres. I n  Colony 2,  

counts of 20 p l o t s  i n  1961 showed a  decrease of 5.1 p e r  cent.  I n  

Colony 5 counts of 9  p l o t s  showed an inc rease  of 1 .0  p e r  cent .  Colony 3 
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appeared t o  have s i g n i f i c a n t l y  i nc reased  i n  popula t ion ;  counts of 

15 p l o t s  showed 20 p e r  cen t  more b i r d s  i n  1961. 

Coloniza t ion  of new a r e a s  by k i t t iwakes  w a s  no t  ev ident  dur ing 

the  t h r e e  yea r s  of s tudy ,  though cons iderab le  s h i f t i n g  i n  popula t ion  

d e n s i t y  occurred from p l o t  t o  p l o t .  

Horned Puf f in  

Data f o r  horned p u f f i n s  showed r e l a t i v e l y  l i t t l e  v a r i a t i o n  

from yea r  t o  year  except between 1959 and 1960. This v a r i a t i o n  can 

c e r t a i n l y  be a sc r ibed  t o  t he  embryonic s t a t e  of census methods i n  

1959. The apparent  decrease i n  Colony 1 between 1960 and 1961 w a s  

probably due t o  census e r r o r .  The counts  i n  1961 were made during 

two days of bad weather,  a  circumstance we avoided whenever p o s s i b l e  

because such cond i t i ons  u s u a l l y  y i e l d  low counts. On these  two days 

many n e s t  s i t e s  could no t  be l o c a t e d  even when the  observers  knew 

from prev ious  experience approximately where t hey  were. A l l  o ther  

co lon ie s  were counted during good weather. 

Glaucous Gull  

Glaucous g u l l  popu l s t i ons  probably d i d  no t  change markedly 

during the  t h r e e  yea r s  of s tudy.  Data shovn ' i n  Table 1 f o r  Colony 3 

and Colony 5 i n  1959 a r e  misleading because on ly  one man p r e s e n t  

at Cape Thompson dur ing  t h e  peak of breeding and he mas unable t o  

cover t h e  e n t i r e  e x t e n t  of the  c l i f f s .  The glaucous g u l l  ne s t ing  

a r e a s  which were most thoroughly s t u d i e d  i n  1959 ( those  i n  Colonies 

1, 2, and 4) supported e s s e n t i a l l y  t h e  same popula t ion  i n  1960. I n  

1960 i n c r e a s e d  personnel  enabled us  t o  reach by rope a l a r g e  n e s t i n g  

a r e a  i n  Colony 3 which was i n a c c e s s i b l e  t o  us  i n  1959; t h i s  nes t ing  
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a r e a  accounts  f a r  t he  l a r g e  d i f f e r ence  i n  numbers c i t e d  f o r  t h i s  

colony between the two years .  

Pe l ag i c  Cormorant 

Probably p e l a g i c  cormorant popula t ions  d i d  no t  change g r e a t l y .  

The g r e a t e r  number l i s t e d  f o r  1960 and 1961 r e s u l t s ,  as i n  t h e  case 

of glaucous g u l l s ,  from access  i n  1960 and 1961 t o  a concent ra t ion  

of n e s t s  ( i n  Colony 2) which was no t  reached i n  1959. 

Tufted P u f f i n  

Tufted p u f f i n s  apparen t ly  maintained a s t a b l e  popula t ion  

dur ing  the  t h r e e  yea r s  of s tudy ,  bu t  popula t ion  l e v e l s  changed i n  

s p e c i f i c  a reas .  Whether l o c a l  changes were due t o  s h i f t i n g  of  n e s t  

s i t e s  o r  t o  decimation o r  recru i tment  w i th in  a given a r e a  i s  n o t  known. 

Black Guillemot and Pigeon Guillemot 

During 1959 and 1960 the popula t ions  of both s p e c i e s  probably 

were e s s e n t i a l l y  t h e  same, bu t  i n  1961 black gui l lemots  decreased 

s h a r p l y  i n  number and pigeon gui l lemots  showed a corresponding 

inc rease .  The f a c t o r s  involved i n  t h i s  s h i f t  are unknown. 

Peregrine Falcon 

During 1959 two p a i r s  at tempted t o  breed. A p a i r  on Colony 1 

brought o f f  two young b u t  another p a i r  on Colony 3 was unsuccessful .  

I n  succeeding yea r s  pe reg r ines  bred s u c c e s s f u l l y  on Colony 3 ,  but  ' 

no o t h e r s  a t tempted t o  breed. 
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Gyrfalcon 

Gyrfalcons frequented the  s e a  c l i f f s  during a l l  th ree  years  but  

apparent ly attempted t o  breed only i n  1961. Two chicks,  almost f u l l y  

f ledged,  were las t  seen i n  a n e s t  on Colony 1 on 21 July.  These were 

not p resen t  on 25 Ju ly  and mere not  seen t h e r e a f t e r .  It i s  poss ib le  

t h a t  they did not  f l edge . succgss fu l ly .  



TROPHIC mLATIONSHIPS 

The s e a  b i r d  co lonies  form a  h igh ly  concentrated segment of an 

ecosystem involv ing  both marine and t e r r e s t r i a l  b iospheres ,  i n  f a c t ,  

c o n s t i t u t i n g  a l i n k  between the two. The t roph ic  a spec t s  of Cape 

Thompson co lonies  were under s tudy  from the beginning of t h e  i n v e s t i -  

g a t i o n s ,  but t he  most i n t e n s i v e  e f f o r t s  were concentrated i n  1960. 

The b a s i c  s t r u c t u r e  of the  food web has been def ined and c e r t a i n  of 

t he  q u a n t i t a t i v e  r e l a t i o n s h i p s  have been es tab l i shed .  

The phys i ca l  and b i o t i c  c h a r a c t e r i s t i c s  of the  p o r t i o n  of the  

Chukchi S e a  u t i l i z e d  by feed ing  sea b i r d s  have been discussed by 

o t h e r  P r o j e c t  Chariot  i n v e s t i g a t o r s  and w i l l  no t  be considered i n  

d e t a i l  here .  

The feed ing  r a d i u s  of murres probably r e p r e s e n t s  the  g r e a t e s t  

r e g u l a r  f l i g h t  d i s t ance  of any of t he  s p e c i e s  breeding a t  Cape Thompson 

and extends t o  about f o r t y  s t a t u t e  mi les  from the co lonies ,  though 

most of the  feed ing  occurs  w i th in  about t h i r t y  miles.  The bottom 

wi th in  t he  feeding a r e a  i s  composed of s m a l l  rocks and g rave l  c l o s e  

i n s h o r e ,  changing t o  p r i m a r i l y  sand and mud a t  g r e a t e r  depths. 

The Chukchi Sea,  though obviously product ive enough t o  suppor t  

t h e  s e a  b i r d  co lonies ,  i s  no t  markedly product ive among a r c t i c  seas .  

The i n v e r t e b r a t e  fauna i s  f a i r l y  r i c h  and abundant, bu t  t he  f i s h  

popula t ions  a r e  q u i t e  low (Alverson, e t .  al., 1960). The t e n  most 

abundant f i s h  s p e c i e s  i nc lude  only two represen ted  i n  the  food h a b i t s  

s t u d i e s  of these  b i r d s :  Boreogadus s a i d a  ( t h e  po la r  cod) w a s  f i r s t  i n  - 
abundance i n  the ocean (Alverson, op. c i t . )  and was a l s o  the  most 

f r equen t ly  represen ted  form i n  the  food samples. Mallo t u s  v i l l o s u s  

( t h e  cape l in )  w a s  f i f t h  i n  abundance bu t  occurred only occas iona l ly  

i n  t he  d i e t  of the  s e a  b i r d s .  

Co l l ec t ions  of s e a  b i r d s  dur ing  t h e  i n v e s t i g a t i o n s  were made 

roughly i n  propor t ion  t o  t h e  popula t ion  l e v e l s  of the spec i e s  concerned. 
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Few o r  no i n d i v i d u a s  of some spec ie s  were c o l l e c t e d  i n  order  t o  

avoid d i s rup t ion  of the  population. The food h a b i t s  of each spec ie s ,  

inc luding  methods employed i n  t h e i r  determination, w i l l  be 

discussed sepa ra t e ly .  Discussion of community n u t r i t i o n  m i l l  

follow. 

Food Habits  - 
Murres 

Assay of the  food h a b i t s  of murres w a s  accomplished by c o l l e c t i n g  

b i r d s  both from t h e  ledges  and from t h e  air as they r e tu rned  t o  t h e  

c l i f f s  from the  sea.  E a r l y  i n  t h e  s tudy i t  became apparent t h a t  t he  

r a p i d  d iges t ion  by murres w a s  going t o  pose problems i n  food h a b i t  

s t u d i e s ,  a d i f f i c u l t y  a l s o  experienced by o t h e r  workers (Uspenski, 

19% ; Tuck, 1960). I n  o rde r  t h a t  a l l  p o s s i b l e  fragments o f  food be 

recovered, stomachs of a l l  b i r d s  were opened and the l i n i n g  of t h e  

ven t r i cu lus  w a s  removed along wi th  any food remains. The l i n i n g ,  

toge ther  wi th  a l l  contained ma te r i a l ,  w a s  preserved i n  70 p e r  cent  

e t h y l  a lcohoi  p l u s  2 pe r  cent  g lycer ine .  T h i s  procedure prevented 

damage t o  f i s h  o t o l i t h s  and o t h e r  hard p a r t s .  Samples were s o r t e d  

i n t o  ve r t eb ra t e  and i n v e r t e b r a t e  a l iquo  ts and given t o  s p e c i a l i s t s  

f o r  i d e n t i f i c a t i o n  (see  - Acknowledgements). Resul t s  a r e  t abu la t ed  

i n  Table 23. 

Tuck (1960) has discussed the  s t a t e  of knowledge of t h e  food 

h a b i t s  of murres, p o i n t i n g  out  t h a t ,  i n  s p i t e  of suggest ions by 

Kaftanovski (1938) t h a t  d i f f e rences  might e x i s t  between the food 

preferences  of the  two spec ie s ,  such d i f f e rences  have not ,  t o  da te ,  

been c l e a r l y  shown. The p resen t  s tudy,  conducted i n  an a r e a  frequented 

by both s p e c i e s ,  s t r o n g l y  suggests  t h a t  s i g n i f i c a n t  d i f f e rences  do 

e x i s t .  These d i f f e rences  a re  p a r t i c u l a r l y  evident  i n  the r e l a t i v e  

occurrence of f i s h  and i n v e r t e b r a t e s  i n  murre stomachs. I n  stomachs 



TABLE 23. Stomach ana ly se s  of murres. Numbers i n  t h e  p e r  c e n t  column 
i n d i c a t e  t h e  p e r  cen t  of " f i l l e d "  stomachs i n  which t h e  food 
i t e m  was represen ted .  F igu re s  i n  pa ren these s  r e p r e s e n t  
f r eauencs  i n  t h e  t o t a l  number of stomachs examined. 

Thick-b i l l ed  Murres Common Murres 
Adul ts  Chicks Adults  Chicks 

No. % No. % No. % No. % 
p~ - 

T o t a l  examined 17 6  

E ~ P  t y  43  (24.4) 
Containing food 133 (75.6) 
Frequency of 

i n v e r t e b r a t e s  45 3 3 - 8  
Frequency of f i s h  85 63.9 

F i s h  : 
Gadidae 
Boreogadus s a i d a  
Boreogadus sp.  
T r i g l i d a e  
~ r i g l o ~ s  f o r f i c a t a  1 0.8 
T r i g l o p s  sp.  
Myoxo c  epha lus  

q u a d r i c o r n i s  
Myoxocephalus sp .  
Ammodytes hexap te rus  
Ammodytes sp.  
C h i r o l o ~ h u s  

go lyac  tocepha lus  
S t i c h a e u s  punc t a t u s  
Lycodes 
Pleuronec t i d a e  
U n i d e n t i f i a b l e  

I n v e r t e b r a t e s  : 
Annelida 

Polynoidea 2 1 - 5  
"Polychae t e s "  12  9 0 

Mollusca 
Pteropods 1 0.8 
Trochidae 2  1 5 
Nat ic idae  7 5-3  
Na t i ca  
Clausa  

Arthropoda 
Amp hip0 da  
Gammaridea, s p e c i e s  #1 1 0.8 
Gammaridea, s p e c i e s  #2 1 0.8 
Gammaridea, s p e c i e s  .#3 
Hippoly t id  2 1.5 
Notocrangon a r g i o  1 0.8 
t l sh r inp"  6 4.5 
Pagu r i  dae 

~ n j . d e n t ~ f ~ a b $ e  
l n v e r  e  ra e  

Pebbles  
Algae 



containing food remnants, 95.5 p e r  cent  from a d u l t  common murres 

contained f i s h  as opposed t o  63.9 pe r  cent  from th ick -b i l l ed  murres. 

Proport ions of i n v e r t e b r a t e s  were reversed,  with i n v e r t e b r a t e s  

appearing i n  6.1 pe r  cent  of common murre stomachs and i n  33.8 p e r  

cent  of those of th i ck -b i l l ed  murres. Most of the  i n v e r t e b r a t e s  

represented  were bottom-dwelling forms, suggest ing more frequent  

bottom feeding  i n  th i ck -b i l l ed  murres. It is  poss ib le  t h a t  the  

r e l a t i v e l y  deeper b i l l  of t h i ck -b i l l ed  murres is  adaptive i n  bottom 

feeding. 

Kaftanovski (1938) s p e c i f i c a l l y  suggested a  preference f o r  

launce (~mmodytes) by common murres. Data from Cape Thompson tend  

t o  support  his contention. Among stomachs containing f i s h  remains, 

26.7 pe r  cent  of those of common murres contained launce while 15.3 

pe r  cent  of th i ck -b i l l ed  murres' d i d  so. Calculated on the  same 

b a s i s ,  70.6 p e r  cent  of th i ck -b i l l ed  murre stomachs contained p o l a r  

cod (Boreogadus s a i d a )  and 68 p e r  cent  of those of common murres. 

I n  t h i s  most abundantly occurr ing  food i t e n ,  no d i f fe rence  i n  - 

preference i s  evident  between t h e  two spec ie s  of murres, a f a c t  which 

tends t o  support  the hypothesis of a preference f o r  launce by the  

common murres. 

No o the r  s i g n i f i c a n t  d i f f e rences  i n  the  feeding aspec ts  of the  

ecologica l  niches of these  two very s i m i l a r  spec ie s  were de tec ted  

during this study. 

Seasonal v a r i a t i o n s  i n  food h a b i t s  seem simply t o  r e f l e c t  

a v a i l a b i l i t y ,  i n  t u r n  r e f l e c t i n g  the l i f e  cycle o r  movements of 

the  food spec ies .  Polychaetes were taken by th ick-b i l led  murres 

l a r g e l y  between 1 9  June and 11 July.  Only one occurrence a f t e r  11 J u l y  

w a s  recorded (on 7 August). Boreogadus s a i d a  w a s  e a t en  abundantly - 
throughout the  breeding season by both species .  Ammodytes hexapterus 

w a s  not  recovered fromrmurre stomachs u n t i l  10  June, a f t e r  which time 

i t  occurred occas ional ly  i n  t h e  d i e t  with r e l a t i v e l y  l a r g e  numbers 

being found during August. 



Black-legged Kittiwake 

Col lec t ion  of food samples of k i t t iwakes  was made i n  t h e  same 

may as f o r  plurres. Data a r e  tabula ted  i n  Table 24. 

Belopolski (1957) p r e s e n t s  a considerable  body of da ta  on 

k i t t iwake  feeding h a b i t s  i n  the Sovie t  a r c t i c  which does not  d i f f e r  

g r e a t l y  from t h a t  gathered i n  the  p resen t  study. Such d i f f e rences  

a s  do appe& can probably be ascr ibed  t o  d i f fe rences  i n  the ava i l -  

a b i l i t y  of the  food items concerned. 

Seasonal v a r i a t i o n s  i n  the  d i e t  follow e s s e n t i a l l y  the  same 

p a t t e r n  as i n  murres, wi th  Boreogadus - s a i d a  a frequent  i tem i n  the  

d i e t  all summer. Arnmodytes hexapterus m a s  abundant i n  the d i e t  from 

24 J u l y  u n t i l  the  end of t h e  breeding season. None were found i n  

stomachs taken before 11 July.  

Glaucous Gulls  

Stomach samples of glaucous g u l l s  mere co l l ec t ed  and processed 

i n  the  same manner as with o the r  species .  Resul ts  a r e  tabula ted  i n  

Table 25. Addit ional ly,  p e l l e t s  composed of the  undigested f r a c t i o n  

of inges t ed  ma te r i a l  were gathered from the c l i f f  tops  and beaches 

throughout the  season. It w a s  not  always poss ib le  t o  d i s t ingu i sh  

p e l l e t s  c a s t  l a t e  i n  the  f a l l  of the  previous year from those of the  

cu r ren t  season, so  the  seasonal  aspec ts  of glaucous g u l l  food h a b i t s  

as determined by t h i s  method a r e  somewhat d i s to r t ed .  After  all the 

accumulated p e l l e t s  had been cleaned up by the  f i e l d  pa r ty  e a r l y  i n  

the  season, more r e l i a b l e  d a t a  could be gathered (see  Table 26). - 
Glaucous g u l l s  a r e  t h e  most omnivorous of the  s e a  b i rds .  Food 

u t i l i z e d  inc ludes  m a t e r i a l  from the marine environment c lose  t o  shore,  

from both brackish  and freshwater  lagoons, from freshwater ponds and 

streams, from tundra,  and from the  beaches and ledges  of the  s e a  b i r d  

colonies .  The s e a  b i r d  co lonies  a re  by f a r  the  most important 



TABLE 24. Stomach a n a l y s e s  o f  k i t t i w a k e s .  Numbers i n  the  p e r  c e n t  
column i n d i c a t e  t he  p e r  c e n t  of " f i l l e d 1 '  stomachs i n  which 
t h e  food i t e m  w a s  r ep r e sen t ed .  F igu re s  i n  pa r en the se s  
r e p r e s e n t  f requency i n  t h e  t o t a l  number o f  stomachs examined. 

Adul t s  Chicks 
No. % No. % 

T o t a l  examined 115 
E ~ P  t y  2 3 
Containing f o ~ d  92 
I'requency of i n v e r t e b r a t e s  23 
Frequency of f i s h  8 4 

F i s h  : 
Mallotus  v i l l o s u s  
Boreogadus s a i d a  - 
Gadidae 
Pungi t i u s  pungi  t i u s  1 
Myoxocephalus q u a d r i c o r n i s  2 
Ammodytes hexap t e r u s  1 9  
Ammodytes sp .  8 
Lycodes sp .  
Sphyraena a r g e n t e a  1 
Pleuronec t i d a e  
U n i d e n t i f i a b l e  4 

I n v e r t e b r a t e s  : 
Annelida 

"Polychae t e s "  5 
Arthropoda 

Cumac e  a. 1 
Isopo da  2 
k p h i p o d a  

Gammaridea, s p e c i e s  #1 
Gammaridea, s p e c i e s  #3 3 
Gammaridea, u n i d e n t i f i a b l e  

Decapoda 
Hyas c o a r c t a t u s  - 1 
Chionocetes o p i l i o  

- Telmessus- 
Pandalus gon iurus  1 
P. b o r e a l i s  - 1 
Eualus  gaimardi  1 
U n i d e n t i f i a b l e  c r ab  

1nsec  t a  
Mallophaga 1 

- Siphonap t e r a  2 
Lepidopte ra '  l a r v a  
1 n s e c t  l a r v a  1 

U n i d e n t i f i a b l e  i n v e r t e b r a t e  1 2  
Pebbles  8 
P l a n t  f i b e r s ,  g r a s s e s ,  sedges  1 0  
Algae 1 



TABLE 25. Stomach ana lyses  of glaucous g u l l s .  Numbers i n  the  
per  cen t  column i n d i c a t e  the  number of " f i l l e d "  stomachs 
i n  which t h e  food i tem was represented.  Figures  i n  
paren theses  r ep re sen t  frequency i n  the  t o t a l  number of 
stomachs examined. 

T o t a l  examined 1 2  
E ~ P  t y  2 
Containing food 1 0  
Frequency of i n v e r t e b r a t e s  6 
Frequency of v e r t e b r a t e  

remains (no t  i nc lud ing  eggs) 8 
Frequency of f i s h  5 
Frequency of eggs (murres?) 1 
Frequency of murre ch icks  5 

Fish :  
Boreogadus s a i d a  
Gadidae 
Gas te ros te idae  
Myoxocephalus quadr i co rn i s  1 
Ammodytes hexap t e r u s  2 
Un iden t i f i ab l e  f i s h  1 

I n v e r t e b r a t e s :  
Coelen te ra ta  
Anthozoa ( s e a  anemone) 2 

Arthropoda 
Crustacea 
Un iden t i f i ab l e  c rab  2 
Un iden t i f i ab l e  c rus tacean  1 

Insec  t a  
Lepidop t e r a ,  l a r v a  
Carabid b e e t l e  
D ip t e ra  ( tendipedidae,  

a d u l t  and l a r v a )  
Echinodermata 

As te r iodea  ( ? )  
Grass o r  sedge 
Un iden t i f i ab l e  vege ta t ion  
Pebbles 



Table 26. Percentage a n a l y s i s  of Glaucous Gull  p e l l e t s ,  Cape Thompson, Alaska, 1959 and 1960. 

- 

Date June June J u l y  J u l y  Aug. Aug. Sept.  Sept .  Date Tota l  
1-15 16-30 1-15 16-31 1-15 16-31 1-15 16-30 Unknown 

6 57 23 1 9  3 52 65 9 20 254 Number of p e l l e t s  

Murre ch icks  5% 9% 17% 53% 83% 80% 

Murre a d u l t s  7 67% 6 1 2  

Murre - Age 
unknown 17 5 6 

Kittiwake chicks  50 

Kittiwake a d u l t s  

Kitt iwake - age 
unlcnown 3 3 21 

Murre eggs 

P l a n t  ma te r i a l  

Mammal remains 

I n v e r t e b r a t e  
remains 

Pebbles 
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sou rce  i n  t h e  n u t r i t i o n  of  g laucous g u l l s ;  and, wi th  t h e  excep t ion  

of very  e a r l y  and. very l a t e  i n  t h e  season,  v i r t u a l l y  a l l  of t h e  food 

of this s p e c i e s  i s  drawn d i r e c t l y  o r  i n d i r e c t l y  from t h e  co lon ies .  

During t h e  app rop r i a t e  season ,  almost  all of t h e  food of g laucous 

gulls i s  der ived  from t h e  eggs and young of murres and, t o  a l e s s e r  

e x t e n t ,  from t h e  eggs and young o f  o t h e r  s p e c i e s ,  excep t ing  o n l y  

t hose  c r ev i ce -nes t i ng  s p e c i e s  which a r e  we l l  p r o t e c t e d  from p reda t i on .  

The d a t a  p robably  do n o t  a c c u r a t e l y  r e f l e c t  t h e  f r a c t i o n  of eggs 

ea t en ,  s i n c e  t h e  b i r d s  peck open t he  s h e l l  t o  f eed  and do no t  seem 

t o  a c c i d e n t a l l y  i n g e s t  ve ry  much s h e l l  m a t e r i a l  nor s h e l l  membranes. 

During all p a r t s  of  t h e  b reed ing  season,  t h e  ca r ca s se s  of  

murres and k i t t i w a k e s  dead from r o c k - f a l l  i n j u r i e s  a r e  eaten.  

Carcasses  which have been e a t e n  by glaucous g u l l s  a r e  r e a d i l y  

i d e n t i f i a b l e  by t h e  g u l l s '  h a b i t  of t u rn ing  t h e  s k i n  i n s i d e  o u t ,  

sometimes as f a r  as t h e  rhamphotheca of the  b i l l .  Carcasses  form 

a  r e l a t i v e l y  more impor tan t  f r a c t i o n  of t he  food i n  t h e  e a r l y  p a r t  

of t h e  season ,  when l a r g e  numbers a r e  found on t h e  grounded sho re  

i c e  where t he  b i r d s  have d i ed  a f t e r  be ing  i n j u r e d  i n  r o c k - f a l l s .  

P l a n t  m a t e r i a l  i n  t h e  samples w a s  n o s t  o f t e n  i n g e s t e d  p a s s i v e l y  

a long  w i t h  o t h e r  food i t e m s ,  bu t  b e r r i e s  d id  ~ c c a s i o n a l l y  occur  

i n  the  s m p l e s  as a food i tem.  I n  c o n t r a s t  t o  s i t u a t i o n s  r epo r t ed  

by Be lopolsk i  (19571, b e r r i e s  d i d  not  form an impor tan t  f r a c t i o n  

of t h e  food of g laucous g u l l s  a t  Cape Thompson dur ing  any of t h e  

y e a r s  of s tudy .  Micro t ine  roden t s  xe r e  taken occas iona l l y  ( 3  p e r  

c e n t  of t h e  p e l l e t s  examined). The whole body of d a t a  and f i e l d  

obse rva t i ons  seems t o  i n d i c a t e  t h a t  glaucous g u l l s  go t o  t h e  l e a s t  

t r o u b l e  p o s s i b l e  i n  s e c u r i n g  food and t h a t  when accep tab le  m a t e r i a l  

i s  a v a i l a b l e  f o r  scavenging,  t h i s  i s  t h e  pr imary source  of n u t r i t i o n .  

It  was no t  always p o s s i b l e  t o  be su re  whether f i s h  remains 

found i n  a sample were e a t e n  as such knoningly by t h e  g u l l  o r  

whether t h e y  were taken i n  w i t h i n  t h e  stomachs of another  food 

s p e c i e s .  I n  any even t ,  even though e a r l y  i n  t h e  season  glaucous 



g u l l s  were s e e n  f eed ing  on f i s h  thawing ou t  of t he  s e a  i c e ,  f i s h  

formed a s u r p r i s i n g l y  s m a l l  f r a c t i o n  of t h e  t o t a l  food. 

Miscel laneous  Spec i e s  

Because of s m a l l  sample s i z e s ,  t h e  food h a b i t s  of s e v e r a l  

s p e c i e s  do no t  w a r r a n t  d e t a i l e d  commentary. Resu l t s  of ana ly se s  

of t he se  s p e c i e s  a r e  t a b u l a t e d  i n  Table 27. 

Community Metabolism 

The s t r u c t u r e  of t h e  ecosystem i n  which t h e  s e a  b i r d s  p l a y  

a r o l e  i s  diagrammed i n  F i g .  15. For purposes  of i l l u s t r a t i o n ,  

t h e  organisms i n  t h e  ecosystem a r e i d i v i d e d  i n t o  "Primary Consumers1' 

and "Secondary Consumers." Actua l ly ,  of course ,  t h e  organisms 

used as food by my "Primary Consumers" a r e  themselves consumers 

a t  va r ious  l e v e l s  i n  t h e  oceanic  food web. It i s  no t  p o s s i b l e  

t o  cons ide r  t h e  marine food web i n  d e t a i l ,  and f o r  convenience I 

w i l l  u s e  t h e s e  admi t t ed ly  imprec i se  terms.  

It h a s  been p o s s i b l e  t o  e s t a b l i s h  c e r t a i n  q u a n t i t a t i v e  

exp re s s ions  of m a t e r i a l  and energy flow i n  terms of wet biomass, 

b u t  a more i n c i s i v e  a n a l y s i s  of c a l o r i c  and chemical r e l a t i o n s h i p s  

must a w a i t  more p r e c i s e  knowledge of t h e  energy balance i n  t h e  

s p e c i e s  invo lved .  It is  ev iden t  t h a t  comprehensive exper imenta l  

work i s  needed and t h a t  such  work must be done under exper imental  

cond i t i ons  a p p r o p r i a t e  t o  t h e  s p e c i f i c  environmental  m i l i e u  of t h e  

co lon i e s  under s t udy .  Th i s  need i s  po in ted  up by t h e  g r e a t l y  

vary ing  d a t a  and e s t i m a t e s  of food consumption f o r  murres from 

d i f f e r e n t  l o c a l i t i e s .  On t h e  Murman coas t  (Be lopolsk i ,  1957) ,  food 

consumption of a d u l t  murres i s  es t imated  a t  about  60 grams p e r  day 

and l lchicksl l  a t  20 grams p e r  day. On Novaya Zemlya (Uspenski , lg56)  



TABLE 27. Stomach ana ly se s  of miscel laneous  spec i e s .  Numbers 
i n  t h e  p e r  c e n t  column i n d i c a t e  t he  pe r  c en t  of 
f i l l e d  stomachs i n  which t h e  food i t e m  mas r ep re sen t ed .  
F igu re s  i n  pa r en the se s  r e p r e s e n t  f requency i n  the  
t o t a l  number of  stomachs examined. 

No. Per Cent 

Horned p u f f i n  -- 
T o t a l  examined 17 
E ~ P  t y  9 
Conta ining food 8 
Frequency of  i n v e r t e b r a t e s  5 
Frequency of f i s h  6 

F i s h  : 
Mallotus v i l l o s u s  
Gadidae - 

Boreogadus s a i d a  3 
Tr ig lops  1 
kmmodytes hexap t e r u s  2 
Ammodytes sp .  1 
U n i d e n t i f i a b l e  f i s h  2 

I n v e r t e b r a t e s :  
P o r i f  e r  a  1 
Polychaete  2 
U n i d e n t i f i a b l e  c ru s t acean  1 

Pebbles  1 

P e l a g i c  cormorant 

To t a l  examined 2 
Empty 0 
Containing food 2 
Frequency of i n v e r t e b r a t e s  2 
Frequency of f i s h  2 

F i sh :  
Boreogadus s a i d a  - 1 
Ammodytes sp .  1 
Chirolophus po lyac tocepha lus  1 

I n v e r t e b r a t e s  : 
Crus t a c e a  

Telmessus chei rogonus  
Pandalus gon iurus  
P. hyps ino tus  - 1 
Crangonidae 1 
S p i r o n t o c a r i s  ( 2  s s p . )  1 
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No. Per Cent 
- .  - 

Black guillemot 

Total examined 
E ~ P  ty 
Containing food 
Frequency of invertebrates 
Frequency of fish 

Fish : 
Boreo~adus saida 
Gadidae 

Invertebrates : 
Polychaete 

Pigeon ~uillemot 

Total examined 1 
Empty 0 
Containing food 1 
Frequency of invertebrates 1 
Frequency of fish 1 

Fish : 
Boreogadus s aida 
Chirolophus sp. 

Unidentifiable invertebrate 1 

Herring gull 

Total examined 
Unidentifiable crustacean 
Pebbles 

Hybrid ( ? ) j';laucous-ila~~cous-winzed. . a 1  

Total examined 1 
Boreogadus saida 1 
Ammodytes hexap terus 1 

Tufted puff in 

Total examined 2 
Containing food 2 100.0 
Frequency of invertebrates 1 50,O 
Frequency of fish 2 100.0 

Fish : 
Boreogadus saida 
Cottidae (?) 

Invertebrates : 
Pteropod 



Figure 15. S t r u c t u r e  of the  ecosystem of t h e  Cape Thompson, . 
Alaska, sea-bird c l i f f s  
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a d u l t s  mere est imated t o  consume 100 grams p e r  day and ltchickslt 

30-45 grams. I n  t h e  Seven I s l ands  Sanctuary (Kaftanovski, 1951) 

d a i l y  food in t ake  of a d u l t s  i s  l i s t e d  as 30 grams, although, as 

poin ted  out  by Belopolski (1957) and by the  author  himself ,  t h i s  

i s  c e r t a i n l y  too low. Tuck and Squi res  (1955) conducted feeding 

experiments on chicks on Akpatok I s l and  i n  Ungava Bay and concluded 

t h a t  ch icks  e a t  approximately one-half t h e i r  body weight i n  food 

per day. The same authors  es t imate  food consumption of a d u l t s  i n  

t h i s  l o c a l i t y  a t  about one-quarter of the  body weight per  day. It 

appears l i k e l y  t h a t  the primary f a c t o r  i n  determining food consumption 

i n  s p e c i f i c  l o c a l i t i e s  is  environmental temperature which a c t s  t o  

s h i f t  t h e  energy balance of the b i rds .  

Table 28 conta ins  c a l c u l a t i o n s  of the  food consumption of 

most s p e c i e s  important i n  t h e  t e r r e s t r i a l  segment of the  ecosystem 

at  Cape Thompson. It has been necessary t o  make c e r t a i n  assumptions 

i n  c a l c u l a t i n g  the  f i g u r e s  compiled i n  this t ab le .  It mas not 

poss ib le  from more o r  l e s s  eroded o t o l i t h s  and o the r  food fragments 

i n  the stomachs, p e l l e t s ,  and f e c e s  which comprised the  food hab i t s  

samples, t o  determine the  met weight of food taken i n  by e i t h e r  

a d u l t s  o r  young a t  Cape Thompson. S i m i l a r i t i e s  i n  the  breeding 

phenology of the Cape Thompson ca lonies  and t h e  Akpatok I s l and  

colonies  as repor ted  by Tuck and Squi res  (op. c i t . )  suggest  t h a t  

the environment as a whole is similar t o  t h a t  a t  Cape Thompson. 

Accordingly, I have used t h e i r  f i g u r e s  i n  t e n t a t i v e  ca l cu la t ions  

of the  biomass of food a t  Cape Thompson. Lacking d a t a  on the  energy 

balance of the  o the r  spec ie s ,  I have used the same propor t ions  f o r  

all spec ie s  nes t ing  a t  Cape Thompson. I n  predatory spec ies  of b i r d s  

(peregr ines ,  gyrfalcons , and golden eag les )  I have assumed one I fk i l l "  

pe r  day (.96 kg which is  an average of the  mean weights of th ick-  

b i l l e d  and common murres i n  this l o c a l i t y )  even though the whole 

ca rcass  is not  eaten.  



Table 28. Biomass and food consumption at the  Cape Thompson colonies  
i n  1960 

Species Number Approx. Approx. -Approx. . Approx. ~pprox.;' 
of av. st. t o t a l  Av.bioiass t o t a l  t o t a l  

Indiv iduals  (kg) biomass f ood/day/ biomass biomass 
(kg) : individual  food/,day/ p e r  breeding 

(kg) (kg) season 
(kg) 

Common murre 157,000 

Kittiwake . 26,000 

Horned p u f f i n  1,900 

Glaucous g u l l  304 

Pelagic cormorant 46 

Tufted p u f f i n  36 

Black guillemo t 10 

Raven 4 

Pigeon guillemot 2 

Peregrine 2 

Golden eag le  2 

Gyrfalcon 2 

Tota l  421,000 

"" It i s  assumed t h a t  a d u l t  b i r d s  remain on the c l i f f s  f o r  130 days, 
from approximately 1 May through the f i r s t  week i n  September. 
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A t  l e a s t  two f a m i l i e s  of r e d  foxes  preyed r e g u l a r l y  on the  eggs, 

young, and c r ipp led  o r  dead a d u l t s  of s e a  b i r d  spec ies .  F i f t y - f i v e  t o  

60 glaucous g u l l  n e s t s  were r e g u l a r l y  preyed upon so i n t e n s i v e l y  t h a t  

no young fledged. Eggs were taken g radua l ly  over the  i ncuba t ion 'pe r iod  

the  foxes ,  and some hatched. The ch icks  were then  g radua l ly  removed 

as wel l .  Other s p e c i e s  nes t ed  i n  more i n a c c e s s i b l e  s i t e s  and viere 

no t  heav i ly  preyed upon. F ledgl ing  murres were ea t en  at the  bases  

of t h e  c l i f f s  i f  they  d i d  no t  succeed i n  reaching the  water. Dead 

and i n j u r e d  chicks  and a d u l t s  were r e g u l a r l y  ea t en  on the beaches,  

and on numerous occasions foxes  were seen  ca r ry ing  food away, 

presumably t o  den s i t e s .  One den v r a s  observed during a l l  t h r e e  

sumners and food remains were observed r epea t ed ly  a t  t h e  den mouth. 

There is i n s u f f i c i e n t  b a s i s  f o r  c a l c u l a t i n g  the  biomass of va r ious  

food i tems inges t ed  by foxes .  

Both the  eggs and a d u l t s  of murres a r e  exp lo i t ed  by man b u t  

not  t o  an i n t e n s i v e  degree. Other s p e c i e s ,  e i t h e r  a s  eggs o r  a d u l t s ,  

a r e  s c a r c e l y  ever ea ten .  Each year  Eskimos from Poin t  Hope and 

l e s s  f r equen t ly  from Kiva l ina  come t o  the  Cape Thompson c l i f f s t o  

c o l l e c t  eggs. During t h e  th ree  seasons i n  which we have been ab le  

t o  observe them, the eggs taken have numbered about 2,000. Adult 

murres a r e  k i l l e d  i n  r e l a t i v e l y  s m a l l  numbers by these  Eskimos, 

gene ra l ly  from t h e  l edges  with  .22 c a l i b e r  r i f l e s .  I n  1959 these  a d u l t s  

probably numbered l e s s  than  t h i r t y .  I n  1960 about 135 a d u l t s  mere 

taken; bu t  i n  1961 v i r t u a l l y  none was k i l l e d ,  because the p a r t y  

succeeded i n  k i l l i n g  a beluga (Delphinapterus l eucas )  e a r l y  i n -  t he  

v i s i t  and the  mot iva t ion  t o  k i l l  murres was ev iden t ly  lowered. Most 

eggs and a d u l t s  a r e  taken  back t o  the  v i l l a g e  t o  be eaten.  

P a r a s i t i c ,  l o n g - t a i l e d ,  and pomarine jaegers  have a l l  been 

observed t o  prey  t o  a  c e r t a i n  ex t en t  on the  s e a  b i r d  co lonies ,  but  

t h e i r  r o l e  is  i n s i g n i f i c a n t  i n  t h e  community metabolism. Normally 

this p reda t ion  seems t o  be confined t o  occas iona l  p reda t ion  on eggs . 
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and n e s t l i n g s ,  but  i n  one case  an immature p a r a s i t i c  o r  pomarine 

jaeger  w a s  seen  t o  a t t a c k  and k i l l  an immature k i t t iwake  on the  water .  

The u n c e r t a i n t i e s  a r i s i n g  from ignorance of energy balance 

become even more c r i t i c a l  i n  t h e  case of ch icks ,  and f o r  t h i s  r ea son  

no at tempt  i s  made t o  c a l c u l a t e  t o t a l  food consumption f o r  chicks  

of a l l  spec i e s .  I n  t he  case of murres, t he  experiments of Tuck and 

Squ i r e s  (1955) give some b a s i s  f o r  ca l cu l a t ion .  They determined 

t h a t  13.4 grams of food were r equ i r ed  f o r  each gram of weight g a i n  

a t  Akpatok I s land .  Lacking d a t a  on food consumption of k i t t iwake  

ch icks  i n  t h i s  a r ea ,  I have used t h e  same f i g u r e s  a s  f o r  murres. I n  

c a l c u l a t i n g  the  number of murre ch icks  i n  Table 27, I have, i n  t h e  

absence of r e l i a b l e  d a t a  from Cape Thompson, used t h e  d a t a  of Tuck 

(1960) from Cape Hay (41  p e r  c e n t  breeding success )  as reasonably 

t y p i c a l  of murre co lonies .  Weights of k i t t iwake  f l e d g l i n g s  mere 

no t  obtained,  but  s i n c e  they r e t u r n  t o  the n e s t  r epea t ed ly  a f t e r  the  

i n i t i a l  f l i g h t ,  i t  i s  a s s u e d  t h a t  they a t t a i n  approximately t h e  

a d u l t  weight before  f i n a l l y  l eav ing  t h e  nes t .  Food consumption 

of murre and k i t t iwake  ch icks  based on these premises i s  given i n  

Table 29. 

Uspenski (1956) c a l c u l a t e d  the  t o t d  food u t i l i z a t i o n  of two 

m i l l i o n  a d u l t  t h i c k - b i l l e d  murres and t h e i r  o f f s p r i n g  during t h e  

&month breeding season a t  Novaya Zemlya a t  25,000 met r ic  tons.  

Tuck (1960),  r e f e r r i n g  t o  t he  work of Tuck and Squ i r e s  a t  Akpatok 

I s l a n d ,  s t a t e s  t h a t  t he  food consumption of murres i s  about twice as 

h igh  at Akpatok I s l a n d  as i n  Novaya Zedy.a. Since I have used t h e  

d a t a  of Tuck, the  d a t a  as presen ted  h e r e  w i l l ,  of  course,  be higher  

p e r  b i r d  than  a t  Novaya Zem- a. The annual food consumption a t  Cape 

Thompson as c a l c u l a t e d  by these  means is  about 13,000 met r ic  tons.  



TABLE 29. Food consumption of murre and k i t t iwake  chicks 
at  Cape Thompson through the  n e s t l i n g  period. 
These f i g u r e s  do not ,  of course,  include chicks 
which survived f o r  only p a r t  of the  n e s t l i n g  
period. 

Number Weight at  Average Weight Food To ta l  
; .  of hatching weight at ga in  cons. food 
Chicks ( d a t a  from fledging /ind. cons. 

Fledging Uspenski, a t  Cape f o r  
1956) . Thompson colonies  

spec ies  (g (kg) 

Thick-bille d 97,000 70.3 121.5 51.2 686.1 66,000 
murre 

Common 
murre 64,000 75.8 179.9 104.1 1,394.9 89,000 

Kittiwake 32,000 37.5 468.1 430.64,770.0153,000 



SUMMARY 

The s e a  c l i f f s  i n  the v i c i n i t y  of Cape Thompson support  

over 400,000 s e a  b i r d s  which maintained e s s e n t i a l l y  s t a b l e  

populat ions during the t h r e e  years  of study. Nine spec ie s  

a r e  r e g u l a r l y  represented  as breeders  and a r e  l i s t e d  below 

i n  order  of decreasing abundance. Numbers given a r e  abundance6 

as determined i n  1960. 

Thick-billed murre 

Common murre 

Black-legged k i t t iwake  

Horned p u f f i n  

Glaucous g u l l  

Pe lagic  cormorant 

Tufted p u f f i n  

Black gui l lemot  

Pigeon gui l lemot  

Dates of p e r i o d i c  phenomena were determined f o r  most 

spec ie s  during a l l  yea r s ,  The phenologies of the most important 

spec ie s  a r e  summarized i n  Fig. 16. I n  general ,  the  co lonies  a r e  

a c t i v e  from about 1 May through September though weather and i c e  

condi t ions  may modify t h i s  p a t t e r n .  

The breeding biology of a l l  of the s e a  b i r d  spec ie s  has  been 

i n v e s t i g a t e d  t o  degrees varying with the importance of the  spec ies  

i n  the ecosystem. Comparisons have been made with t h e  r e s u l t s  of 

o the r  workers i n  o the r  p a r t s  of the world when meaningful i n  the  

l i g h t  of d i f f e r i n g  environmental f a c t o r s .  

The broad o u t l i n e s  of the  t rophic  s t r u c t u r e  of the  ecosystem 

i n  which the s e a  b i r d s  take p a r t  have been worked out.  A s impl i f i ed  

diagram is  presented i n  Fig. 17. Almost a l l  of t h e  n u t r i t i o n  f o r  

the  s e a  c l i f f  co lonies  i s  drawn from the s e a  and is  ca lcu la t ed  t o  be 

about 13,000 met r ic  tons  wet biomass per breeding season. Many of 

t h e  d e t a i l s  of the food h a b i t s  of s e a  b i r d  spec ie s  have been determined. 
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Figure 16. Diagram of t h e  phenology of t he  p r i n c i p a l  s p e c i e s  a t  Cape Thompson. 
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